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Abstract 


— ^  A  method  of  calculating  the  resistance  of  a  ship  being  towed  is 
necessary  In  order  to  calculate  the  maximum  allowable  tewing  speed  for 
a  given  tow  and  towline  and  the  loads  for  the  sizing  of  the  towing  gear 
To  develop  such  a  method,  available  methods  of  calculating  hull,  locked 
propeller  and  wind  resistance  and  added  resistance  in  waves  of  a  tow 
were  Investigated.  With  results  of  the  investigation  of  these  four 
resistance  components,  a  new  step  by  step  calculation  procedure  for 
determining  tow  resistance  was  developed.  A  correlation  study  was 
conducted  to  compare  the  results  obtained  using  the  new  procedure  with 
the  method  currently  used  by  the  U.S.  Navy  and  with  data  obtained  from 
full  scale  tests.  General  conclusions  are  reached  as  to  the  accuracy 
and  applicability  of  the  new  method  for  determining  tow  resistance 
developed  In  this  report. v  Recommendations  are  made  for  future  research 
and  development.  1 
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1.  INTRODUCTION 


This  Is  the  final  report  on  the  subject  of  the  development  of  a  calcu¬ 
lation  procedure  for  the  determination  of  tow  resistance,  NAVSEC  contract 
number  N0002A-75-C-5508,  task  number  61A0-808. 

This  task  originated  from  the  need  for  a  better  method  of  calculating 
the  resistance  of  a  ship  or  barge  under  tow.  The  calculation  procedure  must 
be  simple  enough  for  a  shp  operator  to  quickiy  calculate  the  tow  resistance 
while  towing  yet  be  sufficiently  accurate  for  sizing  towing  gear  and  for 
determination  of  the  maximum  tow  speed.  The  method  currently  employed  by  the 
U.S.  Navy  to  calculate  tow  resistance  may  be  found  in  the  U.S.  Navy  Towing 
Manual,  NAVSHIPS  report  number  0925-000-1000  which  was  published  in  1971. 

The  basic  approach  was  to  calculate  hull  resistance  for  a  wide  range  of  naval 
ship  classes  and  to  re-examine  and  if  possible  verify  the  calculation  of 
propeller,  wind  and  sea  state  resistance.  Sufficient  documentation  was  pre¬ 
sented  so  the  proposed  procedure  for  calculating  tow  resistance  would  be 
amendable  for  future  development. 

The  specific  task  requirements  were  as  follows: 

1)  Calculate  hull  resistance  for  tow  speeds  from  0-12  knots  for 
a  wide  range  of  naval  ship  classes. 

2)  Investigate  the  available  calculation  methods  for  determining 
locked  propeller  resistance. 

3)  Oevelop  a  method  for  determining  the  added  resistance  due  to 
waves  for  the  range  of  Beaufort  numbers  from  zero  to  seven. 

A)  Investigate  the  available  procedures  for  calculating  wind 
resistance  and  improve  the  present  procedure  if  possible. 

5)  Prepare  a  format  for  the  presentation  of  the  data  and  the 
calculation  procedure  developed  by  MR&S  in  this  study. 
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6)  Perform  a  correlation  study  to  compare  results  obtained  from 
full  scale  towing  tests  at  sea  with  the  results  obtained  from 
the  U.S.  Navy  towing  manual  and  the  MR6S  proposed  method. 

Section  2  presents  considerations  in  the  determination  of  tow 
resistance  to  provide  an  overall  view  of  the  towing  problem,  describe 
the  basic  assumptions  made  in  the  formulation  of  a  calculation  procedure, 
and  state  the  limitations  involved  in  the  use  of  the  calculation  procedure. 

The  importance  of  problems  related  to  towing  not  considered  in  the  develop¬ 
ment  of  a  calculation  procedure  for  tow  resistance  is  discussed. 

Sections  3,  **,  5  and  6  treat  the  rationale  for  the  development  of  the 
major  tow  resistance  components,  hull,  propeller  sea  state  and  wind  resistance 
respectively.  Each  section  discusses  the  problems  of  determination,  methods 
of  determination,  presentation  of  results  and  accuracy  of  results. 

Section  7  combines  the  material  of  the  previous  sections  into  a  step 
by  step  calculation  procedure  for  determining  tow  resistance.  It  also  includes 
the  data  necessary  for  performing  resistance  calculations  for  the  complete 
range  of  naval  ship  classes. 

Section  8  presents  a  correlation  study  which  compares  results  from  the 
calculation  procedure  of  the  U.S.  Navy  Towing  Manual  with  results  from  the 
MRSS  procedure  (Section  7)  with  respect  to  to  the  four  major  resistance 
components.  Results  of  full  scale  towing  tests  of  the  LST  1179  class  were 
also  compared  with  the  two  methods  of  calculation  above. 


2.  THEORY  OF  TOWING 


The  determination  of  tow  resistance  is  really  a  three-dimensional 
problem  since  the  tow,  towing  ship  and  towline  are  not  usually  in  the 
same  plane.  However,  this  study  restricts  itself  to  a  two-dimensional 
problem  by  assuming  that  the  tow  follows  directly  behind  the  towing  ship 
with  zero  yaw  and  only  the  resistance  of  the  towed  ship  at  that  end  of 
the  towline  is  considered.  Towline  drag  is  not  treated  in  this  report. 

Four  basic  components  of  tow  resistance  are  considered  in  this  report: 

(1)  Hull  resistance  which  is  composed  of  frictional  and  residuary 
resistance  with  an  allowance  for  hull  roughness. 

(2)  Locked  propeller  resistance  which  for  certain  ship  types 
may  be  three  times  greater  than  the  hull  resistance. 

(3)  Added  resistance  due  to  waves  which  can  become  a  significant 

<  component  when  towing  is  conducted  in  higher  sea  states. 

(4)  Wind  resistance,  which  is  always  present  due  to  the  velocity 
of  the  tow,  may  be  a  significant  component  at  high  wind  speeds. 

These  four  tow  resistance  components  are  further  discussed  in  the 
following  sections  and  Section  7  combines  these  components  in  a 
calculation  procedure  to  determine  the  tow  resistance. 

In  conducting  a  rigorous  analysis  of  the  towing  system  other  factors 
in  addition  to  the  four  components  above  should  be  considered.  As 
mentioned  before  the  towline  hydrodynamic  drag  must  be  considered  in 
the  calculation  of  the  towline  loading. 

The  tow  resistance  itself  will  be  larger  if  all  six  degrees  of  motion 
are  considered.  The  sea  state  resistance  as  developed,  consideres  the  added 


Rq  ■  resistance  at  same  heading  angle  lb. 
a  *  heading  angle  in  degrees 

Average  values  for  for  various  naval  ship  types  are  for  carriers 
0.45  (CV  9  and  CVE  55),  for  combatant  types  0.70  (CA  139,  CL  145,  DO  445, 

DD  692,  LST  1156),  for  cargo  ships  0.75  in  design  condition,  and  0.90  for 
the  light  condition  (Ref.  13,  14). 

Curves  for  average  values  of  K  for  tankers,  cargo  ships  and  combatant 
types  have  been  constructed  (see  figures  5“1  to  5~3)>  To  allow  some  margin 
of  resistance  for  drift  multiply  K  by  1.5. 

Combining  the  conversion  constant  for  tow  speed,  p/2  and  the  factor 
of  1.5  yields  the  equation  for  wind  resistance. 

Ry  -  0.00506  Cw  AT  K  VR2 
where  VR  is  tow  speed  in  knots. 

The  advantages  of  this  method  over  the  other  methods  aside  from 
simplicity  Is  the  use  of  drag  coefficients  developed  specifically  for  naval 
ships,  a  method  for  accounting  for  heading  angle  and  use  of  data  which  is 
available  for  most  all  U.S.  naval  ship  classes.  Uniform  gradient  is 
implicitly  assumed  which  adds  a  progressively  larger  factor  to  safety  as 
wind  speed  increases. 


It  is  expected  that  the  above  method  will  generally  yield 
conservative  results.  The  greatest  error  will  probably  result  from  the 
inaccuracy  of  the  assumption  for  drift  and  the  determina t ion  of  wind 


velocity  at  sea.  The  wind  resistance  will  generally  be  less  than  12*  of 
the  tow  resistance  so  extreme  accuracy  is  not  required  when  compared  with 
the  other  resistance  components. 


6. 


Sea  State  Resistance 


6. 1  Problem  of  Determination 

The  determination  of  a  "simple"  method  of  calculation  to  apply 
to  all  naval  ship  classes  in  all  sea  conditions  is  the  most  difficult 
problem  of  this  study.  Unfortunately  sea  state  can  be  a  significant  factor 
for  the  tow  resistance  calculation  at  higher  wind  speeds  as  indicated 
in  Table  6-1  (Ref.  20).  The  percentages  in  the  table  will  be  greater 


Table  6-1.  Percentages  of  Total  Ship  Resistance  With 
Weather  Head  On  (From  Ref.  20) 


Wind  speed,  knots 

30 

1*0 

50 

60 

70 

Hull  resistance  in  smooth  water 

56 

46 

36 

28 

21 

Extra  hull  resistance  in  rough 
water 

33 

36 

37 

36 

31 

Wind  resistance 

10 

16 

24 

32 

39 

Rudder  resistance 

l 

2 

3 

4 

6 

than  those  for  a  towed  ship  due  to  the  addition  of  locked  propeller 
resistance.  At  the  present  time,  a  sea  state  factor,  Kj  is  used  in 
the  U.S.  Navy  Towing  Manual  (Ref. 8).  This  factor  is  multiplied 
by  the  calm  water  resistance  of  the  hull  and  locked  propeller  to  yield 
the  tow  resistance  in  a  sea  state  (without  wind).  No  documentation  of  the 
development  of  this  factor  was  available,  so  it  is  not  known  why  the 
propeller  resistance  should  be  involved  in  a  correction  for  sea  state.  The 
Kj  factor  is  presented  in  Table  6-2. 

The  MR&S  study  separates  the  hull  and  propeller  resistance  and  corrects 
only  the  hull  resistance  for  sea  state.  In  this  method,  the  added  resistance 
in  waves  is  added  to  the  calm  water  hull  resistance  instead  of  using  it  as 
a  percentage  factor  since  the  added  resistance  in  waves  is  independent  of 
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Che  calm  water  resistance  (Ref.  27)- 
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1  1 
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(2) 
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12  -  17 

6a  -  IK' 

-  - 

(2) 

2.0 

Table  6-2.  Towing  Factor  K  from  U.S.N.  Towing  Manual  (Ref. 8) 


Three  basic  approaches  are  used  here  in  the  development  of  a  correction 
for  sea  state:  1)  use  of  full  scale  data  taken  at  sea,  2)  use  of  approximate 
methods  for  calculating  added  resistance  for  a  stationary  ship,  and  3)  use 
of  an  analytical  method  which  uses  the  principal  characteristics  of  Series  60 
hulls  and  the  Pierson  Moskowitz  sea  spectrum.  It  was  beyond  the  scope  of  this 
task  to  perform  an  exhaustive  literature  survey  for  these  approaches,  but 
a  few  sources  were  examined  to  obtain  up  to  date  methods  of  predicting 
added  resistance  in  waves. 

Very  few  full  scale  tests  for  added  resistance  in  waves  have  been 
conducted  and  the  data  collected  is  generally  for  small  low  powered  ships. 
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AHo^onct  Percentage 


8onebakker  collected  powering  data  for  hundreds  of  observations  of  a  low 
powered  motor  tanker  over  a  range  of  weather  conditions.  Figure  6-1  shows 
a  plot  of  percentage  increase  in  power  in  waves  versus  Beaufort  number 
and  Table  6-3  gives  the  ship  particulars  for  the  motor  tanker  (Ref.  20). 


figyrfj  ntflr  Spot?  md’COM 
Number  of  Obse rvotionj  on 

which  th*  Average  «*  bond 


Table  6-3.  Particulars  of  the  Ship 
Investigated  by  Bonebakker  (195*0 


Beau*-.**  * 


Fig.  6- 1 .  increase  of  shaft  horsepowe 
rough  weather  (from  Bonebakker,  1 954) 
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Note  Chat  the  allowance  percentage  of  Figure  6-1  includes  wind  and  steering 
resistance  along  with  the  resistance  due  to  waves.  No  direct  comparison  be 
made  with  Table  6-2  since  the  Kj  values  of  Table  6-2  are  multiplied  by 
the  sum  of  the  hull  and  locked  propeller  resistance. 

Figure  6-2  provides  a  curve  showing  the  percent  increase  of  power 
for  the  ship  Lukuga  again  considering  both  wind  and  waves  combined  for 
head  seas  versus  the  Beaufort  scale  (Ref. 16). 

Table  6-4  gives  the  ship  particulars  of  the  Lukuga  and  Figure  6-3 
shows  the  contribution  of  wind  and  waves  to  the  total  increase  of 
resistance  in  adverse  weather. 


Ship's  name 


Shipowners 


Shipbuilders 
Hull  condition 

Length  between  perpen¬ 
diculars  Lpp,  meter 

Breadth  moulded  Bm, 
meter 

Depth  to  npperdeck 
(deck  G)  C,  meter 

Draught  heavy-loaded 
condition,  meter 

Draught  light-loaded 
condition,  meter 

Deadweight,  tons 

Service  speed,  knots 


m.v.  Luicugu 

Compugnie  Maritime | 
Beige 

Cocker ill-Ougree 

Shell  welded, 
frames  riveted 

136,000 

18,700 

12,000 

Fore  8,630 
Aft  8,948 

Fore  4,938 
Aft  6,888 

1 1.000 

16 


INCREASE  OF  POWER 


WEATHER,  BEAUFORT 
WIND,  KNOTS 


A  5  6 

13  18  23 

Ficure  6-2  (Ref.  16) 


The  problem  with  the  full  scale  experiments  discussed  is  that  they 
apply  only  to  two  ships  for  very  limited  sea  spectra.  It  Is  known 
that  the  added  resistance  in  waves  is  dependent  on  the  ship  characteristics 
and  the  particular  environment  or  sea  conditions  the  ship  is  operating  in. 
Thus  the  above  methods  alone  are  inadequate  for  establishing  a  single 
criteria  for  correcting  the  hull  resistance  for  waves. 

Another  problem  is  that  the  delivered  horsepower  is  a  function  of  the 
quas i- propulsive  coefficient  and  ship  speed  in  addition  to  ship  resistance. 
The  delivered  horsepower  invariably  increases  faster  than  resistance  if 
ship  speed  is  maintained  constant  as  the  ship  encounters  waves.  This 
results  from  the  increased  propeller  thrust  which  leads  to  an  increase 
of  the  propeller  thrust  loading  coefficient  and  a  decrease  of  propeller 
efficiency.  Thus  the  quasi -propul si ve  coefficient  decreases  and  the 
delivered  horsepower  increases.  It  is  generally  assumed  that  the  thrust 
deduction  and  wake  fraction  are  not  greatly  effected  by  waves  (Ref.  20). 

In  the  tests  shovwi  in  figures  6-1  and  6-2  the  speed  was  reduced  somewhat 
as  the  ship  encountered  higher  Beaufort  numbers  to  avoid  damage  from 
slamming.  Because  of  these  problems  the  plots  of  percent  increase  of  power 
versus  Beaufort  number  do  not  directly  indicate  the  percent  increase  of 
res  i  s  tance . 

Analytical  methods  of  calculating  the  added  resistance  of  a  ship 
in  waves  have  shown  reasonably  good  correlation  with  model  tests.  This 
study  deals  strictly  with  a  ship  encountering  head  seas  since  the 
calculation  for  added  resistance  in  other  seas  becomes  very  complicated 
with  the  consideration  of  roll,  yaw  and  sway  motion.  Only  heave  and  pitch 
motions  are  considered.  Fortunately  added  resistance  is  greatest  for  most 
ships  in  head  seas  (Ref.  21).  The  effect  of  the  towline  on  added 
resistance  is  not  considered. 


A  comparison  of  results  of  experimental  and  analytical  predictions 
of  added  resistance  can  be  seen  in  Figure  6-4.  The  spread  of  these  curves 
is  an  indication  of  the  degree  of  accuracy  possible  in  calculating  added 
resistance.  This  correspondence  is  partly  dependent  on  the  choice  of 
the  sea  spectrum.  The  sea  spectrum  used  in  the  development  of  these 
curves  is  the  one  parameter  Pierson-Moskowi tz.  The  curve  for  the 
regression  analysis  is  derived  from  a  sea  spectrum  recommended  by  the 
British  Towing  Tank  Panel  (BTTP)  and  is  not  of  particular  use  in  this 
study,  since  its  use  is  restricted  to  ship  forms  which  fall  within 
the  data  base  of  the  regression  analysis. 

Reference  22  presents  a  tabular  method  for  computing  the  added 
resistance  of  cruiser  stern  Series  60  ships.  The  method  utilizes  the 
Pierson-Moskowi t2  sea  spectrum.  It  is  possible  using  this  method  to 
obtain  curves  of  added  resistance  for  a  particular  cruiser  stern 
ship  as  a  function  of  ship  speed  and  significant  wave  height.  According 
to  the  authors,  the  added  resistance  calculated  is  generally  low  for 
short  waves  and  high  for  long  waves  and  for  low  speeds.  The  method  is 
most  accurate  for  Froude  number  ranging  between  0.15  and  0.30  and  for 
non-dimensional  sea  state  of  0.02  and  0.04.  The  non-dimensional  sea  state 
is  defined  as  significant  wave  height  Hy  divided  by  ship  length  l. 

Figure  6-5  indicates  that  the  results  cf  the  seakeeping  tables  for  a 
Series  60  hull  are  close  to  those  given  by  the  analytical  method.  NSRDC 
has  recently  developed  a  method  of  computation  for  transom  stern  ships 
which  was  unavailable  for  this  study. 


MIMCI  *9010  CM  MICKNI  ADOCO  COt#flClf*V 


F;b6-5  Sl-r|,,7  fi".  (  >  -  •  0  207  (I’iutiu*  20(c) 

of  pnper  will)  (lisCMMrr's  Mvikirpmi;  tnblc  prediction* 
superimposed.  | 


Another  difficult  task  in  the  analysis  of  added  resistance  is  the 
selection  of  the  proper  sea  spectrum  to  represent  a  seaway.  The  Pierson- 
Moskowitz  spectrum  is  for  fully  developed  seas  but  as  indicated  in 
Figure  6-6,  a  developing  or  decaying  sea  may  have  its  spectral  peak  at 
a  different  frequency  even  at  the  same  significant  wave  height. 

As  shown  in  Table  6-5  the  average  added  resistance  can  change  by 
as  much  as  a  factor  of  three  with  these  changes  in  spectrum  shape.  Many 
investigators  now  feel  a  two  parameter  wave  spectrum  is  necessary  to 
describe  a  seaway  and  even  this  analysis  may  not  properly  account  for 
short  crested  seas. 
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Fig.  6-6  Three  typical  North  Atlantic  sea  spectra 
compared  with  Pierson-Moskowi tz  spectrum  for  same 
significant  wave  height  (Ref.  21) 
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Table  6-5.  Added  resistance  for  various  625-ft 
ship  forms  in  P i erson-Moskowi tz  and  three  North 
Atlantic  sea  spectra  (all  at  approximately  the 
same  significant  wave  height  h  1/3  =  15  ft)  (Ref.  21) 
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A  two  parameter  spectrum  of  the  Bretschne ider  form  which  was  recommended 
by  the  12th  ITTC  (Rome  196$)  is  shown  in  Figure  6-7.  This  spectra  has 
the  parameters  of  significant  wave  height  and  wave  period.  Partially 
developed  seas  lie  to  the  left  of  the  Pierson-Moskowi tz  curve  (K*1)  for 
fully  developed  seas  and  dying  seas  and  swell  lie  to  the  right  of  this 
line.  Figure  6-8  shows  the  added  resistance  for  one  series  60  hull  with 
the  two  parameters  of  significant  wave  height  and  wave  period. 
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Fig. 6-7. Characteri Stic  Seas  in  the 
T,  - h  1/3  Plane  (Ref.  21) 
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Fig. 6-8.  Typical  Added  Resistance 
Response  Contours  in  the  T  -  h  1/3 
Plane  for  625” f t  Ship  (Series  60, 

C0  =  0.70)  at  17.^4  knots  (Ref.  21) 


By  using  Figures  6-7  and  6-8  together,  it  can  be  seen  that  for  a  20  knot 
wind  the  characteristic  wave  period  may  vary  from  5  to  7  seconds  for  a 
significant  wave  height  of  8  feet.  This  results  in  an  added  resistance 
range  of  **00  to  10,000  pounds.  (Ref.  21). 


Miles  provides  data  for  323  wave  spectra  measured  in  the  North 
Atlantic  Ocean  (Ref.  23).  This  data  was  used  to  calculate  the  added 
resistance  for  the  one  parameter,  significant  wave  height,  and  is 
shown  in  Figure  b-9  (Ref.  21).  The  curve  for  the  P ierson-Moskowi tz 
spectra  has  been  included.  This  demonstrates  the  error  possible  with 
the  use  of  only  one  parameter  and  one  spectrum. 
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Fig.  6-9  Nond imens iona 1  added  resistance  versus 

significant  wave  height  for  625-ft  ship  in  307 

sample  North  Atlantic  sea  spectra  (predictions 

from  analytical  response  curve.  Series  60, 

C_  =  0.  70,  F  =  0.207)  (Ref. 21) 
o  n 

This  study  demonstrates  that  selection  of  the  appropriate  sea  stale 
may  be  equally  important  as  the  method  of  calculating  the  added  resistance 
in  obtaining  accurate  results. 

6.2  Method  of  Calculation 

To  develop  a  simple  method  for  determining  the  added  resistance 
in  waves,  calculations  were  performed  using  the  seakeeping  tables  for  a 
Series  60  cruiser  stern  hull  for  nine  ship  classes.  These  classes  were 


selected  to  provide  a  wide  range  of  ship  lengths.  Low  Froude  numbers 
of  0.1  to  0.15  were  selected  to  provide  a  reasonable  speed  that  could 
be  employed  while  towing  in  a  sea  state.  The  added  resistance  in  pounds 
(Rs)  was  plotted  versus  significant  wave  height  and  its  corresponding 
wind  force  (Beaufort).  The  resulting  curves  for  Rs  are  shown  in 
figures  6-10  and  6-11.  A  curve  from  these  two  figures  is  assigned 
to  each  of  the  naval  ship  classes  chiefly  on  the  basis  of  ship  length 
and  to  a  lesser  extent  on  the  basis  of  block  coefficient  and  length-beam 
ratio. 

Since  the  lowest  non-dimensional  sea  state  used  in  the  tables  is 
0.015  it  was  not  possible  to  obtain  added  resistance  data  for  Beaufort 
numbers  below  5  for  ships  greater  than  450  feet  in  length.  Figure  6-11 
shows  that  for  the  larger  ships  the  added  resistance  converge  together 
as  they  approach  zero  so  one  extrapolation  line  was  used  below  a  significant 
Wave  height  of  seven  feet.  In  an  effort  to  verify  the  accuracy  of  the 
extrapolated  portion  of  figure  6-11  and  the  calculated  points  for  low 
significant  wave  heights  of  figure  6-10  an  empirical  formula  was  used. 

As  discussed  in  reference  27,  several  formulas  exist  for  calculating 
added  resistance  for  stationary  or  for  moving  ships  but  they  give  radically 
different  results  and  do  not  account  for  all  aspects  of  the  added  resistance 
problem.  However,  to  compare  with  the  results  obtained  by  extrapolating 
the  data  from  the  seakeeping  tables,  the  formula  developed  by  Jacobs  and 
Lewis  was  used  to  calculate  added  resistance  for  a  significant  wave 
height  of  5  feet  for  the  nine  ships  studied.  Their  equation  is  expressed: 


R  -  0- 174  9 p  (h/2)1'67  (sin  a)°“33  B  '33 


ctr 


where 


added  resistance  (1b.) 


wave  height  (ft.) 

mean  waterline  entrance  slope  (deg.) 
ship  beam  (feet) 


This  equation  was  developed  for  a  stationary  ship  in  short  waves  with 
the  assumption  that  added  resistance  is  due  mainly  to  wave  reflection 
and  that  added  resistance  due  to  pitching  and  heaving  is  negligible. 

This  particular  formulation  was  selected  among  others  principally 
because  Jacobs  and  Lewis  obtained  excellent  agreement  when  they  compared 
It  with  the  results  of  model  tests  (Ref.  20). 

The  results  of  the  calculations  using  the  formulation  above  are 
presented  in  Appendix  C.  The  mean  waterline  entrance  slope  was  not 
known  but  was  approximated  on  the  basis  of  the  ship  characteristics. 

The  results  show  close  correlation  with  the  seakeeping  tables  for  the 
two  smallest  ships  but  differ  by  as  much  as  a  factor  of  3  for  larger 
ships.  It  is  expected  that  the  results  of  the  seakeeping  tables  would  be 
lower  than  that  indicated  by  the  Jacobs  and  Lewis  formulation  since  these 
calculations  were  performed  for  tow  speeds  from  six  to  nine  knots.  For 
low  sea  states,  added  resistance  decreases  as  ship  speed  increases. 

Even  if  it  is  assumed  that  the  formulation  of  Jacobs  and  Lewis  is  correct 
the  resulting  error  of  8000  pounds  of  added  resistance  amounts  to  less 
than  10  per  cent  of  the  tow  resistance  for  the  larger  ships.  On  this 
basis  the  extrapolation  for  the  lower  significant  wave  heights  is 
considered  acceptable. 


6. 3  Accuracy  of  Results 


The  calculation  of  added  resistance  in  wave  is  the  least  accurate 
of  the  four  resistance  components.  The  method  of  calculating  added 
resistance  in  this  study  applies  only  to  cruiser  stern  ships  in  head  seas 
with  a  P ierson-Moskowi tz  sea  spectrum.  Only  a  one  parameter  wave  spectrum 
was  considered  and  it  has  been  shown  that  small  differences  in  wave 
period  can  produce  substantial  differences  in  added  resistance  due  to 
waves.  Until  full  scale  testing  in  a  sea  state  can  be  performed  to 
verify  the  data  presented  by  figures  6-10  and  6-11  especially  for  low 
sea  states,  this  data  should  be  used  with  caution.  If  for  no  other  reason 
than  added  resistance  in  wave  is  now  independent  of  calm  water  hull  and 
propeller  resistance,  this  approach  can  be  considered  an  advance  over 
the  previous  method  as  indicated  by  table  6-2. 


7. 


Calculation  Procedure  for  Che  Determination  of  Tow  Resistance 


The  previous  sections  have  described  the  method  of  calculation 
for  various  components  of  the  resistance:  hull,  propeller,  wind  and 
sea  state.  This  section  combines  all  of  these  components  into  one 
calculation  for  the  determination  of  tow  resistance.  Resistance  of  the 
towl ine  is  not  considered.  The  calculation  of  tow  resistance  is  presented 
as  a  step  by  step  procedure  below.  The  items  are  summarized  in  tabular 
form  in  Table  1. 


I  tern 
1 . 

2-8 


2. 


3. 


4. 


5. 


6. 

7. 

8. 

9. 


10. 


11. 


12. 


Ship  class 

Data  for  given  ship  class  taken  from  Table  2 
Displacement  A  in  long  tons 
Frontal  windage  area  Ay  in  Feet? 

Wind  drag  coefficient 

2 

Projected  area  of  all  propellers  A^  in  Feet 

Curve  number  for  hull  resistance 

Curve  number  for  K  factor 

Curve  number  for  sea  state  resistance  Rg 

Determine  wind  Beaufort  number  based  on  measurement  of  wind 
velocity  and  observation  of  the  sea  state  with  the  aid  of  Table  3* 

The  estimate  should  be  conservative  and  should  account  for 
anticipated  changes  of  weather. 

Relative  wind  speed  in  knots 

Relative  wind  direction  a  measured  in  degrees  measured  from  the  bow 
Using  the  appropriate  curve  from  item  7  find  the  heading 
coefficient  K  for  the  heading  angle  o  from  item  11.  See  Figures  1-3. 


13. 


Using  the  appropriate  curve  from  item  8  determine  the  sea 


14. 


15. 


16. 


17. 


18. 


state  resistance  R?  for  the  appropriate  Beaufort  number  from 
item  9.  See  Figures  4  and  5. 

Select  tow  speed  VT0W  in  knots 


Using  curve  number  from  item  6  and  Figures  (6)  through  (13),  find 

D 

the  value  for  H/A  for  the  tow  speed  selected,  item  14. 

Calculate  the  hull  resistance  R^. 

rh  ■  Rh/a  x  A  x  1*25 


Calculate  the  propeller  resistance  R 


R  -  3.737  AV.  2 

p  p  tow 


Calculate  the  wind  resistance  R 


w 


R  «  0.00506  C  A„KV02 
w  w  t  R 


19.  Calculate  the  total  resistance  R-j.. 

Rt  -  R.  +  Ru  +  R  +  R 
T  S  rl  p  w 


Special  Note:  If  the  tow  does  not  track  directly  behind  the  towing  vessel 
or  if  it  is  towing  at  an  angle  of  yaw  then  the  ship  speed  should  be 
reduced  below  the  maximum  speed  permitted  by  the  above  calculation.  Speed 
should  always  be  reduced  below  this  maximum  value  while  turning. 


UNITS 


LONG  TONS 


SQ.  FEET 


SHIP  CUSS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-2) 


FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  2) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  2) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS.  Ap  .  (SEE  TABLE  2) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  2) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  2) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R% ,  (SEE  TABLE  2) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE- 3) 


10  REUTIVE  WIND  SPEED,  VR  KNOTS 


11  REUTIVE  WIND  DIRECTION,  a  DEGREES 


12  HEAOING  COEFFICIENT  K,  (SEE  FIG.  1-3) 


13  SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  4-5)  POUNDS 


14  SELECT  A  TOW  SPEED,  VTQW 


15  RH/a  (SEE  FIG.  6-13) 


16  HULL  RESISTANCE  *  RH  “  (*j)  *  (5)  x  1 . 25  POUNDS 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (?)  x  (?)  x  @  POUNDS 


ia  WIND  RESISTANCE  -  -  0.00506  x  @  x  (])  x  @x  {£)  x  (lO)  POUNDS 


19  TOTAL  TOW  RESISTANCE  =  R  -  Qj)  +  (16)  +  (17)  +  <j8)  POUNDS 
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Table  8-1  CORRELATION  STUDY  COMPARING  THE  RESULTS  FROM  MR6S  METHOD  WITH 

THE  CURRENT  U.S.  NAVY  TOWING  MANUAL 


Table  8-1  (Cont'd)  CORRELATION  STUDY  COMPARING  THE  RESULTS  FROM  MR6S  METHOD  WITH 

THE  CURRENT  U.S.  NAVY  TOWING  MANUAL 


Table  8-1  (Cont'd)  CORRELATION  STUDY  COMPARING  THE  RESULTS  FROM  MR£S  METHOD  WITH 

THE  CURRENT  U.S.  NAVY  TOWING  MANUAL 


values  for  a  zero  Beaufort  number  since  Che  values  for  propeller  resistance 
are  within  eleven  per  cent  of  each  other.  The  differences  in  hull 
resistance  result  from  a  small  data  base  used  in  the  U.S.  Navy  towing 
manual.  Only  five  resistance  curves  exist  to  apply  to  all  ship  classes 
whereas  the  MR&S  method  has  39  resistance  curves.  The  biggest  differences 
occur  with  ships  like  the  ATF-148  or  the  AOE-1  which  do  not  seem  to  fit 
any  of  the  five  ship  classifications  used  in  the  towing  manual. 

The  MR&S  calculation  for  propeller  resistance  always  yields  value 
eleven  per  cent  higher  than  the  method  from  the  towing  manual  since  the 
equation  for  propeller  resistance  is  the  same  but  the  MR&S  coefficient 
is  eleven  per  cent  greater  than  that  from  the  towing  manual.  One  difference 
between  the  two  methods  which  is  not  evident  in  the  correlation  study  is  that 
in  the  MR&S  method,  propeller  resistance  is  separate  from  hull  resistance 
so  it  is  not  a  function  of  ship  displacement.  Thus  the  total  propeller 
projected  area,  which  can  vary  greatly  even  among  similar  ships,  is 
accurately  accounted  for. 

There  is  very  poor  correlation  between  the  two  methods  of  calculation 
for  sea  state  resistance.  The  reason  for  the  discrepancy  is  that  in  the 
Navy  method  the  sea  state  factor  is  a  percentage  of  the  cairn  water 
resistance  which  is  not  correct  as  demonstrated  by  Marou's  work  (Ref. 27). 

The  Kj  factor  is  also  multiplied  by  the  propeller  resistance  which  should 
not  be  involved  in  the  correction  for  sea  state.  The  MR&S  method  presents 
nine  curves  for  the  added  resistance  in  waves  which  is  added  to  the  calm 
water  resistance.  Only  one  ship  speed  was  used  for  each  curve  but  this 
is  considered  a  reasonable  simplification  since  added  resistance  in  waves 


does  not  vary  greatl,  over  the  speed  range  considered.  Note  that  th«. 
added  resistance  in  waves  *^CPeased  greatly  as  the  Beaufort  number  increased 
from  k  to  6  in  the  Navy  calculaf.-,n>  This  is  a  result  of  the  reduction 
in  speed  which  causes  a  significant  charge  in  calm  water  resistance.  If 
the  Beaufort  remained  the  same,  as  ship  speed  deceased  the  actual  added 
resistance  would  probably  increase  for  low  significant  wave  heis^ts  but 
the  method  in  the  towing  manual  would  indicate  a  substantial  decrease 
in  added  resistance.  The  MR&S  calculation  for  added  resistance  in  waves 
appears  to  yield  more  consistent  results. 

The  results  of  the  MR&S  calculation  for  wind  resistance  are  always 
greater  than  those  of  the  towing  manual,  in  some  cases  by  a  factor  of 
three.  Since  documentation  for  the  development  of  the  calculation  procedure 
in  the  towing  manual  was  not  available,  it  is  not  possible  to  fully  ex¬ 
plain  this  discrepancy.  Use  of  the  K  factor  in  the  MR&S  method  produces 
a  longitudinal  force  with  a  beam  wind  while  the  method  in  the  towing  manual 
always  produces  a  force  of  zero  for  a  beam  wind.  The  difference  in  wind 
resistance  generally  amounts  to  less  than  eight  per  cent  of  the  total 
resistance.  When  more  wind  tunnel  data  becomes  availabie  it  may  be 
possible  to  reduce  the  factors  of  safety  used  in  the  present  calculation. 

All  of  the  differences  of  the  individual  resistance  components  above 


combine  together  to  produce  the  differences  in  total  tow  resistance. 

The  per  cent  difference  ranges  from  21  to  11%. 

8.2.2  Part  1 1 -Comparison  of  Calculation  Procedures  with 
Pul  1  Scale  Tests 

Results  were  obtained  from  full  scale  towing  tests 
of  the  LST  1179  class  for  several  tow  conditions  (Ref.  28).  Two  straight 
line  tawing  tests  were  used  since  direct  correlation  could  be  made  between 
these  tests  and  the  results  of  the  calculation  procedures.  The  shaft 
was  not  locked  during  the  test  runs  but  observers  on  board  the  tow  noted 
the  shafts  never  rotated  due  to  the  friction  of  the  shafting  and  gears. 

Thus  the  calculations  for  locked  propeller  drag  are  valid.  Figures  8-1 
and  3-2  provide  the  data  obtained  during  tests  number  1  and  2  respectively. 
Table  8-2  summarizes  the  results. 


Table  8-2.  Summary  of  Results  for  Tests  tt\  6  #2  of  LST  1179  Class 
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Test  Tow  Speed 
No.  KT. 


Rel .  Wind 
Speed  KT. 
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1.1*1* 


(Average) 
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MR6S 

Calc. 

|  Tow  Res  is.  ! 

LB. 
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74231* 

i*5 

60990 

27 

U.S.N.  Calc 
Tow  Res  is. 


LB. 


FIGURE  8-2  (Ref.  28) 


9.  Cone  1  us  ions 

This  study  has  examined  the  four  basic  components  of  tow  resistance, 
hull,  propeller,  wind  and  sea  state  and  has  combined  these  components  into 
a  calculation  procedure  for  tow  resistance.  As  described  in  section  2,  other 
factors  such  as  yaw  and  surge  may  exist  which  are  not  considered  in  the 
proposed  calculation  procedure.  These  additional  factors  could  significantly 
increase  the  tow  resistance  and  should  be  considered  in  future  studies.  No 
factor  of  safety  has  been  applied  to  the  final  tow  resistance  since  the 
individual  resistance  components  all  have  a  conservative  margin  built  into 
them. 

The  calculation  procedure  for  tow  resistance  developed  in  this  study  is 
somewhat  more  complex  than  the  procedure  in  the  present  towing  manual  (Ref.  8) 
but  has  the  advantages  of  being  more  rigorous  and  fully  documented.  The 
biggest  difference  between  the  two  methods  is  that  calm  water  hull  resistance 
is  considered  separately  from  the  propeller  resistance  unlike  the  present 
towing  manual  which  presents  the  two  resistance  components  together  as  one 
curve.  The  disadvantage  of  combining  hull  and  propeller  resistance  on  one 
plot  of  resistance  divided  by  ship  displacement  versus  speed  is  that  propeller 
resistance  appears  to  vary  with  displacement  which  is  not  true.  With  the 
components  combined,  it  is  not  possible  to  disregard  the  propeller  resistance  if  a 
ship  is  towed  without  propellers.  The  calculation  for  propeller  resistance 
derived  in  this  study  is  quite  similar  to  that  used  in  the  Navy  towing 
manual  except  that  the  propeller  coefficient  was  increased  slightly  on  the 
basis  of  available  model  tests.  The  calculation  for  wind  resistance  developed 
in  this  study  is  based  on  the  procedure  used  in  powering  prediction  of 
U.S.  Naval  ships  (Reference  14)  with  a  few  modifications.  The  advantage 


of  this  method  over  that  used  in  the  current  towing  manual  is  that  it  more 
rigorously  accounts  for  the  effect  of  heading  angle  relative  to  the  wind. 
The  sea  state  factor  Kj  as  used  in  the  towing  manual  was  eliminated  and 
was  replaced  by  a  set  of  curves  of  added  resistance  in  waves  versus 
Beaufort  number  and  significant  wave  height.  These  curves  of  added 
resistance  are  independent  of  the  propeller  resistance  and  of  the  calm 
water  resistance.  This  change  should  result  in  more  realistic  results  than 
were  obtained  from  the  calculation  procedure  currently  in  use. 

The  correlation  study  indicates  that  significant  differences  exist 
between  the  results  obtained  from  the  calculation  procedure  developed  in 
this  report  and  the  U.S.  Navy  Towing  Manual  currently  in  use.  The 
available  full  scale  tow  resistance  data  is  too  limited  to  draw  final 
conclusions,  but  the  data  obtained  thus  far  indicates  that  the  MR6S 
calculation  procedure  yields  conservative  but  more  accurate  results 
than  the  method  used  in  the  current  U.S.  Navy  Towing  Manual.  As  additional 
full  scale  results  become  available,  it  should  be  possible  to  make  the 
present  calculation  procedure  less  conservative. 


10.  Recommendations 

The  calculation  procedure  for  the  determination  of  tow  resistance  shown 
in  section  7  was  developed  within  the  limited  scope  of  the  subject  task. 

Further  research  and  development  can  be  undertaken  to  improve  the  accuracy 
of  this  calculation  and  extend  its  applicability.  The  following  recommendations 
will  vary  in  feasibility  and  cost. 

10.1  Full  Scale  Tow  Resistance  Tests 

Full  scale  tow  resistance  tests  are  the  most  effective  means  of  checking 
the  accuracy  of  the  proposed  calculation  procedure.  Full  scale  tests  in 
calm  water  would  yield  valuable  information  on  the  magnitude  of  locked 
propeller  drag  since  small  scale  tank  tests  lose  some  accuracy  due  to  scaling 
effects.  Tests  should  be  conducted  in  a  range  of  weather  conditions  and 
relative  wind  headings  to  determine  the  accuracy  of  assumptions  made  in  the 
calculations  for  wind  resistance  and  added  resistance  in  waves. 

10.2  Inclusion  of  Additional  Parameters 

Additional  parameters  as  discussed  in  section  2  could  be  included  in  an 
extended  study.  The  problem  of  calculating  tow  resistance  should  be  considered 
as  a  three  dimensional  rather  than  two  dimensional  problem  so  all  six  degrees 
of  motion  are  considered.  The  increase  of  resistance  while  turning  is  another 
significant  parameter  to  consider. 

10.3  Work  on  Existing  Parameters 

Additional  research  could  be  conducted  on  the  parameters  examined  in 
this  study.  More  hull  resistance  curves  could  be  added  to  more  accurately 
define  the  hull  resistance  of  the  naval  fleet.  In  particular,  curves  for 


barges  and  submarines  could  be  included.  The  problem  of  submarine  resistance 
is  particularly  difficult  since  submarines  are  directionally  unstable  and 
show  a  great  tendency  to  yaw  while  being  towed. 


The  method  for  determining  added  resistance  in  waves  used  in  this 
study  is  approximate  and  can  be  improved  by  calculating  curves  for  more 
ship  classes  for  a  range  of  tow  speeds.  Instead  of  assuming  a  series  60 
hull  form,  computer  programs  can  be  used  to  calculate  added  resistance  for 
the  specific  hull  shapes  considered  and  in  particular  would  consider 
transome  stern  ships.  More  accurate  results  would  be  possible  if  a  two 
parameter  study  including  wave  period  as  well  as  significant  wave  height 
were  used. 

The  wind  resistance  is  a  small  component  of  the  total  resistance, 
generally  less  than  12  percent.  However,  additional  work  could  be  performed 
to  increase  the  accuracy  of  this  calculation.  The  most  important  improvement 
would  be  to  calculate  for  a  number  of  ships  the  additional  drag  due  to  yaw 
which  is  a  function  of  the  relative  wind  wind  angle  and  immersed  lateral 
area.  Presently  this  additional  drag  is  assumed  to  be  fifty  percent  of 
the  wind  resistance  for  all  relative  wind  angles  and  is  based  on  very 
1 imi ted  data. 

10.4  Digital  Simulations 

The  most  elegant  solution  to  the  tow  resistance  problem  would  utilize 
simulation  studies  based  on  data  from  captive  model  tests.  Work  has  already 
been  done  in  this  area  as  described  in  reference  29  where  a  Continuous 
System  Modeling  Program  (CSMP)  was  used  to  study  a  tow  trajectory  versus  time. 


Using  this  approach  towl ine  forces  could  be  determined  for  the  actual 
motion  of  the  tow  (including  yaw  and  sway  motions)  which  is  not  considered 
in  the  simplified  model  used  in  this  study.  To  be  effective  this  would 
have  to  be  performed  for  a  large  number  of  ships  in  varying  sea  conditions 
which  would  be  quite  costly. 
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8.  Correlation  Study 


8.1  Description  of  Study 


A  correlation  study  was  conducted  in  an  effort  to  verify  the  accuracy 
of  the  calculation  procedure  for  tow  resistance  developed  in  this  report 
and  to  compare  it  to  the  U.S.  Navy  calculation  procedure  which  is  currently 
in  use.  The  study  is  conducted  in  two  steps.  In  the  first  step  calculations 
are  performed  using  both  the  U.S.  Navy  method  and  the  method  developed  by 
MRsS  for  eight  ships  for  which  complete  data  exists.  The  tow  resistance  for 
each  method  is  separated  into  the  four  resistance  components,  hull,  propeller, 
sea  state  and  wind  resistance.  Three  Beaufort  numbers  and  three  wind  directions 
were  examined  for  each  of  three  tow  speeds.  The  resulting  data  is  presented 
in  Table  8-1. 

The  second  part  of  the  study  compares  the  actual  towline  tension 
measured  in  full  scale  tests  with  the  resistance  obtained  for  the  U.S.  Navy 
and  MR&S  calculation  procedures.  Several  towing  tests  have  been  conducted 
but  documentation  of  these  tests  is  sufficient  to  permit  correlation  for 
only  the  1ST  1179  class.  As  more  data  becomes  available,  it  would  be 
beneficial  to  extend  this  part  of  the  correlation  study. 

8.2  Results  of  Correlation  Study 

8.2.1  Part  I  Comparison  of  MR&S  and  U.S.  Navy  Methods  of 


Cal cul at  ion 

A  comparison  of  the  MR&S  and  U.S.  Navy  calculations  is 
done  for  each  component  of  resistance  as  shown  in  Table  8-1. 

The  differences  in  hull  resistance  are  quite  large, 
sometimes  varying  by  a  factor  of  three.  The  effect  of  this  difference  on 
the  total  tow  resistance  can  be  seen  by  comparing  the  total  resistance 
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values  for  a  zero  Beaufort  number  since  the  values  for  propeller  resistance 
are  within  eleven  per  cent  of  each  other.  The  differences  in  hull 
resistance  result  from  a  small  data  base  used  in  the  U.S.  Navy  tawing 
manual.  Only  five  resistance  curves  exist  to  apply  to  all  ship  classes 
whereas  the  MR&S  method  has  39  resistance  curves.  The  biggest  differences 
occur  with  ships  like  the  ATF-148  or  the  AOE-1  which  do  not  seem  to  fit 
any  of  the  five  ship  classifications  used  in  the  towing  manual. 

The  MR&S  calculation  for  propeller  resistance  always  yields  value 
eleven  per  cent  higher  than  the  method  from  the  towing  manual  since  the 
equation  for  propeller  resistance  is  the  same  but  the  MR&S  coefficient 
is  eleven  per  cent  greater  than  that  from  the  towing  manual.  One  difference 
between  the  two  methods  which  is  not  evident  in  the  correlation  study  is  that 
in  the  MR&S  method,  propeller  resistance  is  separate  from  hull  resistance 
so  it  is  not  a  function  of  ship  displacement.  Thus  the  total  propeller 
projected  area,  which  can  vary  greatly  even  among  similar  ships,  is 
accurately  accounted  for. 

There  is  very  poor  correlation  between  the  two  methods  of  calculation 
for  sea  state  resistance.  The  reason  for  the  discrepancy  is  that  in  the 
Navy  method  the  sea  state  factor  is  a  percentage  of  the  calm  water 
resistance  which  is  not  correct  as  demonstrated  by  Marou's  work  (Ref. 27). 

The  Kj  factor  is  also  multiplied  by  the  propeller  resistance  which  should 
not  be  involved  in  the  correction  for  sea  state.  The  MR&S  method  presents 
nine  curves  for  the  added  resistance  in  waves  which  is  added  to  the  calm 
water  resistance.  Only  one  ship  speed  was  used  for  each  curve  but  this 
is  considered  a  reasonable  simplification  since  added  resistance  in  waves 


does  not  vary  greatly  over  the  speed  range  considered.  Note  that  the 
added  resistance  in  waves  decreased  greatly  as  the  Beaufort  number  increased 
from  4  to  6  in  the  Navy  calculation.  This  is  a  result  of  the  reduction 
in  speed  which  causes  a  significant  change  in  calm  water  resistance.  If 
the  Beaufort  remained  the  same,  as  ship  speed  decreased  the  actual  added 
resistance  would  probably  increase  for  low  significant  wave  heights  but 
the  method  in  the  towing  manual  would  indicate  a  substantial  decrease 
in  added  resistance.  The  MR&S  calculation  for  added  resistance  in  waves 
appears  to  yield  more  consistent  results. 

The  results  of  the  MR&S  calculation  for  wind  resistance  are  always 
greater  than  those  of  the  towing  manual,  in  some  cases  by  a  factor  of 
three.  Since  documentation  for  the  development  of  the  calculation  procedure 
in  the  towing  manual  was  not  available,  it  is  not  possible  to  fully  ex¬ 
plain  this  discrepancy.  Use  of  the  K  factor  in  the  MR6S  method  produces 
a  longitudinal  force  with  a  beam  wind  while  the  method  in  the  towing  manual 
always  produces  a  force  of  zero  for  a  beam  wind.  The  difference  in  wind 
resistance  generally  amounts  to  less  than  eight  per  cent  of  the  total 
resistance.  When  more  wind  tunnel  data  becomes  available  it  may  be 
possible  to  reduce  the  factors  of  safety  used  in  the  present  calculation. 


All  of  the  differences  of  the  individual  resistance  components  above 


combine  together  to  produce  the  differences  in  total  tow  resistance. 

The  per  cent  difference  ranges  from  2$  to  77% • 

8.2.2  Part  1 1  - Compar i son  of  Calculation  Procedures  with 
Ful 1  Sea le  Tests 

Results  were  obtained  from  full  scale  towing  tests 
of  the  LST  1179  class  for  several  tow  conditions  (Ref.  28).  Two  straight 
line  towing  tests  were  used  since  direct  correlation  could  be  made  between 
these  tests  and  the  results  of  the  calculation  procedures.  The  shaft 
was  not  locked  during  the  test  runs  but  observers  on  board  the  tow  noted 
the  shafts  never  rotated  due  to  the  friction  of  the  shafting  and  gears. 
Thus  the  calculations  for  locked  propeller  drag  are  valid.  Figures  8-1 
and  3-2  provide  the  data  obtained  during  tests  number  1  and  2  respectively 
Table  8-2  summarizes  the  results. 

Table  8-2.  Summary  of  Results  for  Tests  £  #2  of  LST  1179  Class 


Measured 

Tow  Res  is.  Lb. 

MR£S 

Calc. 

LST  1187  Test 

Tow  Res  is.  I 

(Averaqe) 

LB. 

%  Diff. 

51,000 

74234 

45 

48,000 

60990 

27 

U.S.N.  Calc. 
Tow  Res  is. 


B.C.  TURNS  FOR  14  KNOTS 
PIT  LOG  9  KNOTS 
4  ENGINES 
COURSE  070°  T 

WIND  2S4°T  SPEED  10  KNOTS  TRUE 
SEA  STATE  3  MAX  LIGHT  SWELL 
RUDDER  4°  LEFT  To  Hold  course" 


TUSC  FULl^  PITCH,  SHAFTS  NOT  LOCXZD 
RUDDERS  0  DEGREES 


FIGURE  8-2  (Ref.  28) 


9.  Conclusions 

This  study  has  examined  the  four  basic  components  of  tow  resistance, 
hull,  propeller,  wind  and  sea  state  and  has  combined  these  components  into 
a  calculation  procedure  for  tow  resistance.  As  described  in  section  2,  other 
factors  such  as  yaw  and  surge  may  exist  which  are  not  considered  in  the 
proposed  calculation  procedure.  These  additional  factors  could  significantly 
increase  the  tow  resistance  and  should  be  considered  in  future  studies.  No 
factor  of  safety  has  been  applied  to  the  final  tow  resistance  since  the 
individual  resistance  components  all  have  a  conservative  margin  built  into 
them. 

The  calculation  procedure  for  tow  resistance  developed  in  this  study  is 
somewhat  more  complex  than  the  procedure  In  the  present  towing  manual  (Ref.  8) 
but  has  the  advantages  of  being  more  rigorous  and  fully  documented.  The 
biggest  difference  between  the  two  methods  is  that  calm  water  hull  resistance 
is  considered  separately  from  the  propeller  resistance  unlike  the  present 
towing  manual  which  presents  the  two  resistance  components  together  as  one 
curve.  The  disadvantage  of  combining  hull  and  propeller  resistance  on  one 
plot  of  resistance  divided  by  ship  displacement  versus  speed  is  that  propeller 
resistance  appears  to  vary  with  displacement  which  is  not  true.  With  the 
components  combined,  it  is  not  possible  to  disregard  the  propeller  resistance  if  a 
ship  is  towed  without  propellers.  The  calculation  for  propeller  resistance 
derived  In  this  study  is  quite  similar  to  that  used  in  the  Navy  towing 
manual  except  that  the  propeller  coefficient  was  increased  slightly  on  the 
basis  of  available  model  tests.  The  calculation  for  wind  resistance  developed 
in  this  study  is  based  on  the  procedure  used  in  powering  prediction  of 
U.S.  Naval  ships  (Reference  lit)  with  a  few  modifications.  The  advantage 


of  this  method  over  that  used  in  the  current  towing  manual  is  that  it  more 
rigorously  accounts  for  the  effect  of  heading  angle  relative  to  the  wind. 
The  sea  state  factor  Kj  as  used  in  the  towing  manual  was  eliminated  and 
was  replaced  by  a  set  of  curves  of  added  resistance  in  waves  versus 
Beaufort  number  and  significant  wave  height.  These  curves  of  added 
resistance  are  independent  of  the  propeller  resistance  and  of  the  calm 
water  resistance.  This  change  should  result  in  more  realistic  results  than 
were  obtained  from  the  calculation  procedure  currently  in  use. 

The  correlation  study  indicates  that  significant  differences  exist 
between  the  results  obtained  from  the  calculation  procedure  developed  in 
this  report  and  the  U.S.  Navy  Towing  Manual  currently  in  use.  The 
available  full  scale  tow  resistance  data  is  too  limited  to  draw  final 
conclusions,  but  the  data  obtained  thus  far  indicates  that  the  MR&S 
calculation  procedure  yields  conservative  but  more  accurate  results 
than  the  method  used  in  the  current  U.S.  Navy  Towing  Manual.  As  additional 
full  scale  results  become  available,  it  should  be  possible  to  make  the 
present  calculation  procedure  less  conservative. 


10.  Recommendations 


The  calculation  procedure  for  the  determination  of  tow  resistance  shown 
in  section  7  was  developed  within  the  limited  scope  of  the  subject  task. 

Further  research  and  development  can  be  undertaken  to  improve  the  accuracy 
of  this  calculation  and  extend  its  applicability.  The  following  recommendations 
will  vary  in  feasibility  and  cost. 

10.1  Full  Scale  Tow  Resistance  Tests 

Full  scale  tow  resistance  tests  are  the  most  effective  means  of  checking 
the  accuracy  of  the  proposed  calculation  procedure.  Full  scale  tests  in 
calm  water  would  yield  valuable  information  on  the  magnitude  of  locked 
propeller  drag  since  small  scale  tank  tests  lose  some  accuracy  due  to  scaling 
effects.  Tests  should  be  conducted  in  a  range  of  weather  conditions  and 
relative  wind  headings  to  determine  the  accuracy  of  assumptions  made  in  the 
calculations  for  wind  resistance  and  added  resistance  in  waves. 


10.2  Inclusion  of  Additional  Parameters 

Additional  parameters  as  discussed  in  section  2  could  be  included  in  an 
extended  study.  The  problem  of  calculating  tow  resistance  should  be  considered 
as  a  three  dimensional  rather  than  two  dimensional  problem  so  all  six  degrees 
of  motion  are  considered.  The  increase  of  resistance  while  turning  is  another 
significant  parameter  to  consider. 


10.3  Work  on  Existing  Parameters 

Additional  research  could  be  conducted  on  the  parameters  examined  in 
this  study.  More  hull  resistance  curves  could  be  added  to  more  accurately 
define  the  hull  resistance  of  the  naval  fleet.  In  particular,  curves  for 
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barges  and  submarines  could  be  included.  The  problem  of  submarine  resistance 
is  particularly  difficult  since  submarines  are  directionally  unstable  and 
show  a  great  tendency  to  yaw  while  being  towed. 


The  method  for  determining  added  resistance  in  waves  used  in  this 
study  is  approximate  and  can  be  improved  by  calculating  curves  for  more 
ship  classes  for  a  range  of  tow  speeds.  Instead  of  assuming  a  series  60 
hull  form,  computer  programs  can  be  used  to  calculate  added  resistance  for 
the  specific  hull  shapes  considered  and  in  particular  would  consider 
transome  stern  ships.  More  accurate  results  would  be  possible  if  a  two 
parameter  study  including  wave  period  as  well  as  significant  wave  height 
were  used. 

The  wind  resistance  is  a  small  component  of  the  total  resistance, 
generally  less  than  12  percent.  However,  additional  work  could  be  performed 
to  increase  the  accuracy  of  this  calculation.  The  most  important  improvement 
would  be  to  calculate  for  a  number  of  ships  the  additional  drag  due  to  yaw 
which  is  a  function  of  the  relative  wind  wind  angle  and  immersed  lateral 
area.  Presently  this  additional  drag  is  assumed  to  be  fifty  percent  of 
the  wind  resistance  for  all  relative  wind  angles  and  is  based  on  very 
1 imi ted  data . 

10.4  Digital  Simulations 

The  most  elegant  solution  to  the  tow  resistance  problem  would  utilize 
simulation  studies  based  on  data  from  captive  model  tests.  Work  has  already 
been  done  in  this  area  as  described  in  reference  29  where  a  Continuous 
System  Modeling  Program  (CSMP)  was  used  to  study  a  tow  trajectory  versus  time 


Using  this  approach  towline  forces  could  be  determined  for  the  actual 
motion  of  the  tow  (including  yaw  and  sway  motions)  which  is  not  considered 
in  the  simplified  model  used  in  this  study.  To  be  effective  this  would 
have  to  be  performed  for  a  large  number  of  ships  in  varying  sea  conditions 
which  would  be  quite  costly. 
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Appendix  A 


A. 1  Introduct ion 

Appendix  A  contains  the  calculations  performed  for  the  calm  water 
hull  resistance  of  39  Naval  ship  classes.  Figures  6-13  show  the  results 
of  these  calculations  as  they  appear  in  section  7-  The  list  of  ship  classes 
below  relates  the  ship  classes  to  the  hull  resistance  curve  numbers  and  gives 
the  sheet  number  on  which  the  detailed  calculations  are  given  in  the  unabridged 
report.  The  unabridged  report  also  provides  resistance  data  for  barges.  The 
abridged  report  presents  only  a  sample  calculation  for  one  ship. 

A  description  of  the  calculation  procedure  along  with  a  list  of  symbols 
used  is  presented  below.  Note  the  change  in  nomenclature  from  that  used 
in  section  7. 


A. 2  List  of  Ships  Corresponding  to  the  Hull  Resistance  Curves 


Hull  Resistance 


Sheet  number  for 


:  Numbers 
id.  6-13) 

Nava)  Ship  Class 

Detailed  Calculations 
in  Unabridged  Report 

1 

FF-1037 

1 

2 

FF-1040 

4 

3 

DO-931 

7 

4 

CG-16 

11 

5 

CGN-25 

14 

6 

CGN-9 

17 

7 

CA- 139 

20 

8 

MS0-422 

23 

9 

ATF-148 

26 

10 

AGFF-1 

29 

11 

T-AGS-29 

32 

12 

AF-58 

35 

13 

AE21  &  23 

38 

14 

AO- 14 

41 

A. 3  Description  of  Steps  in  Calculation  of  Hull  Resistance 


Symbols  Used 

Uni  ts 

S3 

LWL  » 

load  waterline  length 

Ft. 

B 

beam 

Ft. 

T 

draft 

Ft. 

'*-\**S 

A 

displacement 

Long  Tons 

VS  - 

wetted  surface 

Ft.2 

r.  . 

c 

p 

prismatic  coefficient 

— 

•>.*5 

ACp  - 

ship-model  correlation  allowance 

-- 

rt  - 

calm  water  hull  resistance 

LB. 

►  V-H 

Note: 

Ry  is  equivalent  to  R^  in  section  7. 

VK  " 

ship  speed 

knots 

V 

s 

ship  speed 

Ft. /sec. 

R 

n 

Reynolds  number 

— 

**.  •*. 

Cf  - 

frictional  res i stance  coeffici ent 

— 

.  .*  * 

CR  * 

residuary  resistance 

-- 

zi 

CTS  " 

total  coefficient  resistance  coefficient 

rf  * 

frictional  resistance 

LB. 

<  «* 

R«  * 

Residuary  resistance 

LB. 

*■  *  - 

Steps  in  Calculation  Procedure 


1 .  Record  data  for  EHP. 

2.  Calculate  speed  from  «  0. 55^LWL  and  check  to  see  that  data 
exists  for  this  speed  or  lower.  Jf  not  then  use  reference  2  to 

be  sure  that  is  constant  at  the  speed  for  the  lowest  EHP  available. 

3.  Calculate  the  total  resistance  for  the  lowest  EHP  available. 

4.  Calculate  Rn  for  speed  corresponding  to  this  lowest  EHP. 

5.  If  the  wetted  surface  is  not  provided  then  it  may  be  approximated 
with  the  equation 

S  -  Cs/V  -LWL 

where  C  is  obtained  from  the  contours  of  the  non-dimensional 
s 

wetted  surface  coefficient  (see  p.  A- ^ ) 

7  «  volumetric  displacement  In  cubic  feet. 

6.  Calculate  the  frictional  coefficient  using  Schoenherr  coefficients 

7.  Calculate  frictional  resistance. 

8.  Subtract  frictional  resistance  from  total  resistance  to  obtain 
residuary  resistance. 

9.  Calculate  the  residuary  coefficient  which  is  assumed  constant  for 
lower  speeds. 

10.  Calculate  Reynold's  numbers  for  speeds  from  0-12  knots  or  from  0- 
speed  corresponding  to  lowest  EHP. 

11.  For  Reynold's  numbers  in  9  find  Cp  using  Schoenherr  data. 

12.  Add  ACp  and  C^  to  Cp  to  obtain  Cyg. 

13.  Calculate  total  hull  resistance  Ru  for  all  towing  speeds. 

n 

14.  Divide  R^  by  &  and  plot  on  curves  of  Rh/A  versus  ship  speed  VK. 

For  more  information  regarding  the  above  calculation  or  for  the  use 


•**>*••••  *  .*•  »■’  «.  •  *  *  ^  v  •  .v.-w.- •  V  •. 

f «  %  •  «  •  ,  •  »*  »•  <  —  1  "  ■  f  *  «  «  •  »  *  »•  ^  .  •  '  »  *  .  *  .  »  ,  *  .  1,  ,*  « 


DESIGN  CALCULATION  SHEET 


If  e<r,cr*utc <= 


Ship  or  Proiact  '/ 


Praparad  by 


riZo;9*.‘.L£i<. 


>  re#  I# 


Chacicad 


Raviawad 


5V/p  C lass  •  /cz7  ok  £  C22— L 

D*  TA  ^OOfZCE  .*  _ 


5 II IP  Cjhm*c  tee izr/cS 


^ZOPELLEH  CMEtS.AC.TE/tiz7fCS 


r.  '*  *  $LAr?ec  = 

r? 

.-7.-  -  £*?.  A. /b.A  - 

>  .  a 

'  ' 

1 7,  ¥‘/'7  £waMDM  n>  fig  me 

*  1LA  l _ 

DEyHLoeea  />cfm 

**'"  eVt>  *  -- 

• 

■i .  C77  7  P*  oZBc  Tfr>  ASM* 

*  PzopellEP.s 

=  _ 1 _ 

V 

tHoTS. 


to 


I L 


StfP  S^Ahp\  £ 


7  c0 


/<*,*.'« 


!:!'0 


0 


Shot  2.  8>  )  !  S 


SHIP-  ScB  -191  fffOVJ 

C*ctui-#rio*/  rote  M/i*.  SPeeo  <~nt*£C  fs  <?a"sr'*/r 

l/fc  *  6-**  ^lwl1  ^  /0-19  vs£  ,0 

Rr  *  £2Z_j-kik  _  Zivse 


\ 

Vs  «  /.6S 7  =  /T.f* 

P  -  „ 

N>h  "  O 


Oi.tf)Liso  2  H  iH-HO* 

U271!  y/0-* 


Cf  r  /.  6*7  V  //*  C  scyaeMUZ.  Coe.fr.) 


-I 


ACf  -  £i  W  *  ,0 
C|T  *  Z.'fSpK  /o'* 


Re  - 


!/*-  f  ^  K  ^ Fr 

/A  ti. wo*)  C  /}  iVi 


lZf>0 


Z  ' 


c  £  = 


£7'  ^  s  //<** 

f  )H>W  ) 

^j»C'7,yy/ 


£  s  z  Coz/SthnT  Ct,  POZ  SH/P  $PBE£>$ 


t  e  C  C  TVx>  V  7/5 


DESIGN  CALCULATION  SHEET 

*****  Huu-  RlSHTAHC*  C/tLCi  LAY /aV  -  j 'C&  ~/j 
Ship  Pr.i«t»  fMggr,gA/<L7  Tow !  t!C*  CsJUlR.  CJL  LLEA1A 

S««)i«n  3^0  ft  Pr«p<»«d  by  iZ.CS  P«t>  //)  /Z1  /7$  Ch«ek»d 

SHIP  - 

P  „  L  -  14  C  3SV  ) 

^  U27lhsM'S 

Rr  *  /£/  S  Ctj  0-63?)1 
J?r  -  'ACi.f’oO  5  Ctj  C /.ta?) 

A?  A  c»t-f,uLAT/ad  qa  Zt 


Cpf 

LCP 

*  10" J 

*  /o  ~i 

Sheol  3  /  / 

££  /^7j _ 

R.vi.w.d  _ 


£•73 

£*r 

Rt/4 

<  /a'2 

l8. 

LB-/uT 

5"  ff.V'/S- 


£ 


8  j  j.  st/j 


1  /S’,  20/ 


/o 


IZ 


1 3  iuK7 


.v.-.'.v.-’.y.;. 


2.3^ 


3/*D  H-rr/? 


t  «  * 


1/  III** 


•  P^StGMjCALCULATlOH  SHEET  --  J"”’— y 

■  :  iubjtt  Hui  i  kesKrurtce  f  alhuu/s-t/o n  — fX  /QiJ2- — L  FF’  l&LQJ. 

s^.-y  jPtawct  f kAf'V.z.fitlr-'f  _~Tnr.it  t/ A  - f,R>7£%  LA 

Sttion  BSDD  V'W<i  by _ ££ rS. 

"  '  SHIP- 

\.<  C-tiLCUUMr  /0*J 


D«t« 


R.vi.wid 


Rt  • 


F-Ofi.  Mtf*.  S  i>Z£D  c*jU£S-C  C%  f  S  Caz/Sr^/T 

l/fc  -  O.G*>  I / lv/l7  ^  /#•  86  g££  7  kT. 

^7^  -  Wi 


\ 


-  //JU 

Cu.m)  (j  27 o  ) 

A  271/  y,0-* 


3. 6oi  /  /o  & 


Cf  1  /. 7?1xaT*  C  Sctf0f>«e«L 

r  <=?*97 

£C3 _  &*//bt~  3.1*7  (~s  ~  2'^ 

CrT  *  2.3*2  jr/*  “J 

S-  Cs  i/qTZJ?  -  -?■  u  tnofser- SW  -  "> 

R '  vi ;c ,. Lo  o?J**  ) 0/- 8X)t 2 . 3 W-  *''' ) 

Zz*  Zr-  £?  *  3t¥e 

(  3CYS  ) _ 

c*  "  ^  pc  17,  no  KZ^J2- 

Ce  =  /.CO  6  CotfSTHNT  Ci.  foi.  SH/P  3PE&>$ 

*  *  C5SS  TFtJA/  7  £T. 


DESIGN  CALCULATION  SHEET 


She*!  £>  «< 


Ship  or  Project 


Prepared  by 


Checked 


PE  laio  C  Pf  ioyoj 

_j4  l  -  ^  (  ad  ) 


I.  2  71  )*to‘ 


i  f  S  Cts  C  MS?)* 

A  C  *•?}**)  5  A 1  Ts  0-6*0 

Poi.  CHLCulAT/O V  £t 


VK  Vs  RhS 

fcr.  F%ec.  *  5 


y  /o  'l 


Reviewed 


^T/A 


4.75-, 


ff.vvs- 


)J.  ?I2 


9  /  5”.  2  <7/ 


/a  1/*.* 


;2 

7-J.7  <3 

/i 

2/.?3-7 

4J5<? 


ff 


z  zSio 


V4750 


3.2S-Y 


DESIGN  CALCULATION  SHEET 


Subject 


Ship  or  Project 


DESIGN  CALCULATION  SHEET 


Shot 


Mull  ^eiHr/nicc  r  Ai^n^/rrinn  -  nn  9-u 


5hi»  ”  p,e»*tt _ tMlTPjiMC-'l _ “Trsr^ttlfi, 

f.zned  )* 

Section  B£>DD  Pr»©»f»d  by  I2.CJ^> 

ott*  /a/’a/zrGmdmi 

R«vi*w«d 

$HfP- 

C-^LCOi-MT  to*y  F-OfL 

M/J  it . 

S  PECO  c*JN£/.C 

/s  Catssr&*r 

l/K  - 

<0.  ■sr 

i/lwl7  ~  tf.ol  kT, 

0$£.  EyrR/iPo  late./) 

£»?  /SIC  e“p  P*r * 

— 


V4  «  /.637  =  M.S71 

p  _  Q>.&f)  CW7  ) 

P  TTZFZP*'  ~ 

Cf  -  /.  iZS  /  >‘  ~3  £  sc.HoeiJHe.iiZ.  Coe/c.) 

/iCf  *■  /.yy /  . . 

CfT  =  7.77*  fz*'1 

-  *L;  S'  K  *■  C*r  z 

*  >i  (uxO(  zo,  X,fc "!)(*• 77tf *  *  V 
'  tffU 

£  e  *  £r  '  *  5^*y 


c* 


c 


e 


£  SYf£  2 

/£  f>C2l><I»<5  }  (tf  .!7j)a 

•  <-J 

0.7&i  X  t*  Q?i/StmnT  FOl.  SH/P  3p£&>s 

cess  TM A/  H  Jcr. 


K  (  ¥47  ) 


i  f  S  VK  1  Crs  C  /-6S?)z 
AC ),?»*)  5  i/Kl  Ct*  C/.*«0 

£oa  cmlcc/lat/o v  o*  £r 


C  F 

A  Cf 

X  <0  5 

y  /«>  '3 

y  /o  ’l 

W& 

“•/uT. 


o.sn 


8  \13.fl2 


IF.IOI 


U>  16.8 


n 

2o.2(>% 

IS 

turn 

7.  602. 


J2*SL(L— 


1*1.  IWdUIIUlCtll  Ol  <jun, 

DESIGN  CALCULATION  SHEET 


Sublet  Mull  Pfosmrfcs 


Ship  or  Project  V 


Prepared  by 


&oi*B  lL£  X. 


CL/?>  rpe  i/t 


Date  r^/2/7?  Chocked 


bL/foes  -  5 

t* P.  A- /D. A,  -  O*  ftS 

£ypAS/t>ED  &  _ 

PjMLLopeo  A&m  -  _ 

****m/bA.  *  _ 

Fgoseerto  A  pep  * _ 

4  Pz*pE.ll££.S  - _ 


V 

(t^ots 

Stfp 

£HPA/fP 

Z  Oeo 


00 


DESIGN  CALCULATION  SHEET  _ Sh..,  )L  »>  //,c 

^ — Hull. _ Zbzmmm.  r ALcJ^-rtoH  -  /z _ 

Ship.rjr.i.t, - ElfifZ'-,fr/C.Y _ HoluiUSl  £,***  r^i-rePiA _ 

S**1'™  BSDD _ PnptMdh^  £CS _ 0*»J _ CW»J _ toiwri 

SHIP-  DL6  !(, 

C.#LCCn-#r  /dV  FOfL  M/1*.  %PZ£.a  c~>H£/:C  Cg  /s  Cas/srsf/r 

1/jz  *  i/IwT  -  fz^L  /0  KT' 

O  „  £HP  *5L£ 

'  - UZ -  -  32-^0 


\ 

'  Vs  8  /.6S1  ^  =  /t.2J 


^a1—  s  06.91  )  C  5-/o  ) 

P  '  77271/  y,o‘T 


6.7M  t/oB 


Cf  r  /.  (o0t>  £/a‘J  £  Scyo£iJue./Ui  Coerr.^ 

zi c$  -  9_l2H_  y  ,0’1  ~~~ 

~  S-SiS  x /0  ^ 


>/z.  Ct.?}of)  C  '30180 

ZZ-SHl 


2.  S’ 61  x  /a 


Zz  =  Rt-  =  /"si 


(  JiOSl  ) _ 

A  f  C  3  a  iso  )  (y*.  fyz 


Cot/STH'NT  foZ.  ship  speeds 

Less  TH/tV  /a  /err 


/OV3 


DESIGN  CALCULATION  SHEET 


Subject 


CJwckad 


% 


Vs  (  S-/0  ) 


1.2  71 

&  f  s  K.  1  Cts  c  l.lirf 

‘AO. f>*')  s  i/Kl  Ci. hi) 

PoZ.  CfiCCULAT/O <*/  qC  £7- 


<=F 


o.  fir 


r.on\  7.0ZO 


5  f.ws* 


i 


8  1 3.  *12 


/S'.  10/ 


J.7-Z5 


IZ 

2o.2W 

13 

21.  y  ^7 

N» 

Sh«*«  //  of  // 


Roviowad 


^•T5 

Z-r 

<  to'1 

lB. 

0.OSS 


m.  ivosenoiarr  ot  son,  me 

DESIGN  CALCULATION  SHEET 

Subject  Ut>LL  2fC>ST>nt<"£ 


Pfp*rt4  by 


Oi«ck«d 


SHIP-  0L6V-ZS  C  CdfJ- IS J 

CrtLCOusr  /<?V  P  Ofi.  M/fy.  SP££0  c~JH£S.£  fs  Ca  „sr*sr 


~  ^lwl1  -  12.7 S  uJ£ 


n  *r 


V/< 


HHjlSS 


Vs  '  /•(*&!  I \  -  /&.S7J  ■ 

^  S  -^L-_  ,  0>.  S7J)  C  5Y0  ) 

P  >'l7U*/0-*  =  7-  W  r/0  6 

C-f  r  /,  ?75  x/o~2  C  Scuoeuue/Ui  coe.r*.') 

~  -  B/^s.  2.?*?  Ca*  2.^32. 

crT  s  j?.yra  x  to  '•* 

S - Q/ 7 •  l.ul.  s  *  l\ps~) 

R*  ’  /l;  S'  K  *■  C^r  * 

*  ^2.  Cf.ltof)  £  21,157  )Q*.?77)(j.VS’/<  fa  '*  ) 

~  16  89 7- 

^  £  =  £r  -  Rp  =  /7r^ 


—  C  nss8  i _ 

/dfC  ^  ?-s*7  )T/i^7p 

A  579  y /o  CoifSTHNT  poK  SV/P  SPEEDS 

LESS  THAH  I !  u- 


m.  Kosenoiarr  a  don,  me. 
DESIGN  CALCULATION  SHEET 


Mo. _ 3 

Shoot 


Srfi?  Cljss  * 

O/tT/i  'Zooec-E  .* 


5 Hip  aiJit'ic  tej> jsr/cs 


ZOPBCLE/2.  Ol/UlHC.TEfZ.>Z7fC.S 


s.~iv.Mt-AHUN  SHEET 


»«•  41  f'j 

Sh.*»  jfi  d  at 


—  «■«>  »  WH 

SJ*!=1 _ dm* _ SeiV-WJCE  c t/on  -  r&Cbi)  9 

_ £ toe.*a.&icj/  _  JlauLtLS.  SL#tT£2//i 

S«cti«n  BS,bb  Pttptnd  by  JZL  3  D«l»  /6  /l  6  /l  ^  Ch>tfc>d  B«vi«»(«d 


5A//P- 


C.*LC.ot-tyr  to*/  F-o/i. 

M/J*.  SP£££ 

C.%  ts  Cae/srwr 

</*  • 

0 .  sr  i/lv/l1 

-  If.11  kr.  use  w  K-v 

o  .  £VP  /  526 

K‘  '  v* 

*  fi/yj 

•  . 

\ 

14  *  A  687 

^  =  23. 

£  =  -^b.  - 

C&.M)t£ll.A  ) 

/•  2?H  *t0‘* 

'  =  /.27S?  //«  7 

Cf  r  /.  y^6  no 

"J  C  SC-H°tMZML  Caere.') 

/{ Cc.  •*  to*' 

J  - 

C^T  =  2-266  „  /o'-i 

/?-»  *  fA.f  S  K'- 

*  1/l  tr.??os)  C  $i)(oo 

~  ^5TZ 

z 

)(z2.tfi‘/)(^Z.Z66  *,o 

^  £  *  £t  ~  •■ 

“  2C  SI  f 

C  -  £  £ ££g/  ) 

*  ~  ^TfC  ^  KfiTTy^z 

Cg  =  O'lObiLl**  CoVSt  mn  T  FOZ.  SH/P  3PBS£>S 

LESS  TH*N  j±  Kr. 


LLOL  - 

/$2? 

Dm.  —* _ 

JL.6C 

8  - 

7f.4 

Pitch  - 

.  /.?.  )t 

/  - 

*  &L*p£S  ~ 

H 

A  ~  - 

20;  *r£0 

t*?.  A./D.A.  - 

Vv'S  -  . 

At:  M*/ 

tyfPAUDED  - 

cP  s 

_  VE'JEuibeo  dec*  - 

i'  *MP/suP  -  _ 

Pm*  = 

0-&? 

. 

PZoiec  rpo  Acf*  » 

8/.  8  Z 

r 

^  PkoP£ll£aL3  - 

z - 

Art.  Kosenblatt  &  Son,  Inc. 
DESIGN  CALCULATION  SHEET 

Subjtt  Mull  £es/'.THric£ 


±  ZU3. 

u^M  .ins 


Skip  or  Prejtct 


epc.r«  ft iv 


Ravrawad 


Satliaa  b _ Praparad  by  BC.% _ Data  /d/t.  V /?  rChatbad  Rtviaarad 

S/4IP-CA-JH 

C~*LCU<-AT-  ,0*/  PCfi.  M/J/.  ZPE.£.D  c^U£jC£.  C.£  fS  Co//Sr#*r 


l4  -  0.  sr  Ulwl1  ~  5T  Use.  /o  kt. 


- 


EH? 

^  K 


,  ni&0 


14  *  /.681  UK  =  /6.81 

p  ~  Us(—  C/tZJJC  760  ) 


=  I.LHlx/6 


A  C$  - 

C<T  5 


C  ScHoeiJME/zZ.  CozrF.  _) 


/if  S'  ^  <^T 

£4  Ci.??o*)  c 


^  £ — !££_.  _  ^-iz^ 

p  *?  /0i?  '  — 75 -  -  *?  £-?/<? 

'  Kj  ’  Kp  =  n6ya  ' 


£  ) 

YLfCbisM  KT^T1- 

0.71lx/t>~s  Cousthht  Ci.  foZ.  sh/p  speeds 
LESS  ]6 


i»i.  iw^oiiwiaii  a  juii,  me. 

DESIGN  CALCULATION  SHEET 


Shoot  Z 


Ship  of  Project 


Section 


SHIP-  Mso  Mil, 

C’rtLtuL.xr  >o*s 


FOfL 

M/1  / . 

S  /*£!£  £  C*J  )/£/:£ 

^  - 

0 .  sr 

i/lwl7  -  JZ.8* 

use  £  kT. 


c>  ~  /SIC, 

Kr  '  — v7~  *  /W.v 


Vi  s  /.  687  ^  =  8.WS 


L  -- 


if’Uxio-;  ~ 


C(  -  ZOil  xu'3  C  sc.Holhll4e.iif.  Caere.') 

SCI.  JE.  —  ^ 

•  &C$  «•  o.H  x  'Q _ 

CfT  =  2.y^7 

C/S£  -rUis~>  *  .  -z  \ 

'-fr  s  2rZl2,//d  \CALCv<.*riD  ^=£fc.  \Z£SJSr*HC£j 

...  Re  -  Kf  S  K"  c^T  f 

*  "  '  "  XiWX^. 


s  '/*  C  ([  62.30 

'  ?7/./r 

£--  ^  -  y«.i 

£  ‘is-j,  s  ) 

‘Aft  mo  TQCrir) 


Z/2  x  to 


/'0JL  //a"*  Co  «  stunt  foZ.  SKtp  speeds 

less  <r  vr 


i«i.  f\oienoidir  ot  oon,  me 
DESIGN  CALCULATION  SHEET 


v  \*i 


imi 


a 


%  % 

v;\ 


K- 

k  ' 


**»•« _ Hull. 

R.LS!STAH<L£  dALCULATM*  -  HSO  <-TLl 

snip t P,oi«tt  EMSKr.ettc.'f _ 7W///A _ (z£AA _ Criteria _ 

Saciian  EF  DO 

Praparad  by  )Z.C£  Data  /^/ZV/7£  Chackad 

R  aviawad 

smp  - 
R»s  - 
Zr- 
Zt  * 


MiO  HVL 
~l4  L 


*4  2J 

J.2  7?/*/0‘5 


^ /  s  ^  CTs  ti.Ulf 
'/iCi.f’**)  s  Cl.i»l)Z 


Pot.  C*t-CU*-AT/OhJ  o*  £r 


in.  ivv^uuiot  l  va  IUW 


»*•  £211 _ 

DESIGN  CALCULATION  SHEET  SW^»  zj  »<  //g 

'■  -■  ■■  ILI  g  ■  ■  ---g?  -■■  ■!  ■  1  — — — — — — — «— ■  ■  I  HI  t  n  ■»—  - 


subtMt  Hull.  £bskthajc£  r  a  lc/j 

lx-t/om  -  ATP  14  A  . 

SM»  <K  Proi«<t  ‘EfAeP'L P-‘tr  >/  ,{<. 

C-RnSZ/A 

Sadia*  BS>£>D  RrapaiaJby  /Z.CS 

Data  /<?/^  V  J?T  Chackad 

R  aviawad 

SHIP-  APT-  \HS 


CrtLtcn-Arr  tod  pofi. 

M/?x.  SP££.D 

t~>U£££ 

/  f  Cd//s  rwr 

(1 

0.  sr  i/lv/l1 

~  g.2.3 

&>ICT. 

o  „  £VP  x  i: 2.<^ 

/> » 

_  *0/  3?6 

*  i^o 

• 

V 

v  /< 

fi? 

\ 

14  *  /.«S7 

V 

* 

II 

, 

4  . 

Aa 

P  =  . 

p 

00  ,31)  C/lH  ) 
)- 27V  y/0-* 

'  =  /.775 

x  /08 

Cf  r  /-V^jf/o'1  C^MOIH  WE««.  axrr.) 

U  4  Q  *  0.1,0  X  >0 

Cfj  *  2. Sj4  y /o'J 


K 


c 


R?  *  /ip  S'  rs  ' — -frr 

*  A  C  !.??0f)  C  /0j6f*1 

~  J73fi 


*  5 


£r  -  £/=  ~  2/rz 


_  £  3,5-2.  ) 


cz  =  i.mx/o'2 


Cot/STHNT  poZ.  SHIP  3PBB&S 

LBS,  S  TAM/V  6  fcr 


Stlin  _ Prtpifd  by  IZCZ _ D«f  fCJ  lj  /l  Z  Ch«tk«d _ R«vi«wx< 

SMP  -  ATP  -lit 

p  ,  -J4  L  _  ^  (  22/  J 

*S  /.2  7V'/0‘5 

Rr  5  ^  Cr^  Ci.lm)z 

Rr  *  ,AC).V^')  5  /£*  cr5  0.4*0* 


~Tm&c£.  c*<-t-uc/ntorf  ot  £r 


M.  Kosenblatr  &  bon,  Inc 
DESIGN  CALCULATION  SHEET 


A.  Rosenblatt  &  Son,  Inc 
)Er'“N  CALCULATION  SHEET 


5h«>l  %  /  at  f/i 


SP/P  - 
R*  s  = 


/*&£>£-/  Ca&PP~1 
-J4  l  -  ^  (  $?<?  j 

^  1.2  7  V*/o's 

A  f  S  ^  CTs  C 

’AC).??**)  s  t/Kz  ^T5  0.6*0 


£r  *  /z-  O.^V  5  Ct*  1 

~r#&L£.  PoX.  CHt-CUL.AT’/Od  6*  £ 


■  I'Jfi  ihtc  f 


-S  7  L± - 

sh..»  3,  j  oi  //g 


subi.«  Hull  £e:p.t/»}  or  r  al<l» 

■-/rr/OH  -  T“-/6S 

Ship  or  Projoc*  E-KAfP  C.  fiftf  V 

7  QfPtHf. 

.  dgmESUA 

Sotlion  BS& I)  Propirod  by 

Ml _ 

D.lo  /a/2<}j7f  Cboekod  Rovi.wtd 

SHIP"  T-/I6S  -24 

C,rtL£.Ut-t)T  to*S  POA.  M/1*.  S  PE.£.D  £*.>PfS£.  <S.£  fS  CptfSTpsiT 


l/fr  '  ^  <r  iSlv/l1 


gVP  /5*6 
V* 


-  7777 


/tf  j?  ff£  7  *r: 


\ 

14  =  /.  637 

•  iii=_  - 

V> 


=  D.&n 

QL&li)  C  3f7  ) 
TTtT/  sso-? 


3.30  <  tO  & 


Cf  r  ! .  7t,Z  * /o~*  C  ScHofiiUEML  C.oer*.') 

/{C$  *  0.1  t /o'1  ~~~ 

CfT  =  2. Hi  x.tO~ 3 


S  H*-  z  ^ 

=  fA  C/.?f*f)C  M7*  ) 

9 

£  z  -  '  Kp  ~  /K I 


c* 


C 


£ 


-  £  'Ki  ) 

J£  f  C  HW  )  &***)* 

t l.yojxfi'2  CoVSTPNT  PoZ.  SHIP  3p££&s 

LES>  S  W/V  7  ^7: 


ucjiun  LAU-ULAIION  SHEET 


Sheet  oi  // 

subject  Moll.  Rzsistahcs  C/’LL-.  Ljnj2i±  -  Tjz.  dJ&zJJL _ 

Ship  «>  Project  F i* g t>  TnisLuLA.  Co  T/i  8  CfllTZJLlA _ 

Section  8^D[> _ Propetod  by  $CS _ Deto  Chicked _ »«*'«»•* 

SHIP  ~ 

p  _  .J4  L  ^  C  3*7  ) 

'  ?  UZ7V*v-S 

Rr'-  hf  s  Ct5  (/.m)1 

»  'AtuwO  S  O,  Cl.ttiy 


~TmF,L£.  Pol.  V  p*  £7- 


Vk 

Kr. 

v5 

Fr^c. 

1/0  5 

CF 
n.  to'1 

4  0 

y  /0  ~l 

O 

y/4  *J 

Cts 
<  to'1 

£f 

t-B. 

Wa 

l^/lt. 

O 

0 

r> 

0 

1 

/.<37 

0.9719 

2.3*9 

o.l 

0.709 

1.V/S  . 

m 

0.011 

2 

?.478 

n.wz8 

7.091 

't 

2.3/7 

5/2 

0-  nb 

3 

t.H)9 

1.971 

7 

ft 

ZJS9 

/o*9 

0.  Z52 

V 

<.7« 

l.HQ 

A  978 

’t 

u 

1.007 

7  UP 

r>.us  _ 

5 

f.vvs- 

7.1 57 

A  8n 

i# 

h 

2.95  L 

H07& 

0.  m  . 

£ 

14.  >PI 

2.818 

A  77$ 

«« 

2.9  Ol 

578 

/.  33  3 

7 

11.81 3 

7777 

1.793 _ 

8 

)2.5U 

99  V  3 

BXKS 

9 

/S'.  20/ 

/2?33_ 

Bd£Mi 

/a 

M.5? 

1^85 

KHH 

HI 

pMHHH 

■ 

IH 

IHHBHH 

1— m 

188/7 

HH 

— p 

IMPWHI 

\mmmmm I 

;2 

riti  ■•'1 

MnHMl 

■jgaatsii^ 

I 

r~ 

1 

ZLiO 

B9B9 

HHHHHI 

/i 

2/.?r7 

■HH 

*jfti 

m 

■ 

pnm 

L 

_ SHEET 

Subjwt  Mull  I C  r>i  *lc  £ 

Ship  01  Pfojptt  £&(:*?  '/ 

SkIim  £>Q  A _ PwgwgJ  by 


£•  p/^o /=>£..  l£/Z  b/>rA  Sneer 

Octree  >* 


Chacirad 


ShMt  ZC  of  HQ 


Raviawad 


SV/p  Class  • 
Data  £ookc.E  l 


T£ST_  /a 


Ship  af/>#*c  ree  i  s  r/cs 

LUl  -  9 A3.  S  . . 

13  -  _ ZZ _ 

I  -  ZtJ21 _ 

A  -  _ /^.oea  .. 

Vv'.S  -  tij.psl _ 

Cf>  *  - - 

*hp/s«p  -  _ 

V«H  <C/=  -  a.£<iQ-77  — . 


')20PS.LL£/Z  C#/t£#C.T£/Z/&7'CS 


Dm-  a _ 

PiTCU  ~  _ 

*  St-*C>£S  '  _ 

£XP.  A  /t).  A.  =  _ 

£yp4t/0ED  AZf#  * 
pE'JCcoPEO  - 

F»*r.  ir,(yCl  A  . 
TZozecTf-o  Aze#  * 

*  PrOp/LUTfilS  = 


2^_. 


..^sroi. 


tHOTS 


StfP  £HPA»P  EHf 


UML 


Rt 

^gotfOS 


t 


M.  Kosenblatt  &  Son,  Inc 
DESIGN  CALCULATION  SHEET 


Subject  HuLL  H.£jl'7MriC£ 


Shift  or  Project 


Prepared  by 


Checked 


Reviewed 


/OA/  p-0fL  M/fS.  S  >*££.£  <^N£££.  Cg  fs  Cos/sr*vr 


l/jt  -  0.S?  \Zlwl1  ~  IZ-01H  OiL  //  kt ; 


Rt  " 


— —K —  -  mu 


Vs  s  /.681  VK  *  /g.S7f 

P  ,  l/9<-  0Z>?71)  tidl.sr) 

^  P  '  TwT^r  =  7.011,  ,0 

Cp  r  /.too  t/0-l  tscUoeylMUL  Oozer.) 

ACc  *  0.17  y/o^ 

Cfr  =  2.37  //*‘3 


-  %  S’  Ks  v  c^r 

58  A  (./.??<>*)  C  IS6/!  3 

*  2uy^ 

&r-  ^  •  /Z.25-/ 


)(j8.S7j) (_  Z.  Z7,/0~S  ) 


C*  * 


/  2. 2  S'/ 


)C./as72)* 

0'?93i[o'h  Coi/STHNT  Cl,  PCl.  SHIP  SPEEDS 

LESS  than  II  rr. 


Vo  H 


•  ••.  .  kwwwi  iwiui  i  u  gun,  iiiw* 

DESIGN  CALCULATION  SHEET 


N*.  2^5 


Sub\ti  I-Ii/ll  y??<\Srn^c£.  </'  P)Zoi=i£.'.l£iZ  L)a>  r# 

Ship  or  Projt«  //C  '/  Of 

* -  _ Prapgrgdby  2.'"r  "*  /-  — 


A.  A  - 


Ch*cV*d 


R«vi*w«4 


$V/P  Cl/}$Z  * 

Source 


SHIP  Of/’K'IC  TEg IST/CS 


V 

tH0TS 


£HPA»p\  Ed? 


zo 


J330 


gOP£Ll€&  Cgti£#C.T£/Z.iZ7tC$ 


Slides  -  _ 

f/P.  A.  /D.A.  ~ 
Eyp/fMSED  fZf# 
Developed  /Jetjj 

P»*T.  a  t 

TZoIEc  teo  Xpp* 
*  PtoP£LL£jZS 


£r 

ooyf\>$ 


2 _ 


Stflp-  *EZI  4  A£2J 

Crt(.£OL.#r tort  POA.  M/jy.  SP££.c  ertt/^tC  Cg  fs  <Co//sr*vr 


l/fc  -  0.  SS"  ]/ LWL*  '=~  M  •  0  7  fcT  T,  t>s£  cj 


Kr  • 


£H?  *Sl<Z 


-  ZiifC 


Vs  *  /»68J  ISig  =  /$*»  2.0 j 

p  -  J4<-  C  )  C  ) 

Nyi  k-%  ~  '  1  .  . 

V  h27Vx/0~* 


^iCQ  * 


C  ScyogiJHt/^  ce>eee.) 


-  A  j  S  K  **  C* 

'/z.  (.  i.9  fo*  )'C 

*2i4 

-? — 5  z.z  on 
£t  ~  Kp  ~  6rzo 


X  X 


(  ££££  ) 

’/l  ftW***.  )C/r.2«fJa 

0.t3t*/o~3  Cat/SrHNT  Cg  poZ.  SHIP  $PE£P$ 

L£S>  S  TA^/V  ?  >-r. 


StHP  • 

R»s 

Rr- 


-  At  11  4  A£  IS 

,  l L  L  ,  Vs  C  ItL  l 

?  1.2  71 1  *a's 

fa  f  S  C-T. S  C  l.itl)* 

-  &(>.?**)  S  l/Kl  Cts  C/.4»Oa 


v-MuuuLAfiON  SHEET 


SKmI 


DESIGN  CALCULATION  SHEET 


siw«i  2.  «i  // ; 


***«  Hull  c six  thhc£ 


Prepared  by 


SMP-  /4b-  /H 

C.#(rCuu/rr /0d  PoA.  Mpy.  S  AEe.o  Cj>  ts  C6tssr#*r 

1/jZ  -  /2-S’S'  l/LWL1  -  /2.7  -  £/.$£  g  ATT. 

’  V*  - J  -  26*ff? 


Vs  *  /'687  V<  ~  12.511 


L  - 


Cl3S>2)CfS\  )  _  , 

/.  2?V  y/o-*  =  tlO* 


Cf  r  /.LUx/f1  t$cU0£)iUiLRJL  Co&rr.) 

ACc  6  * 

C^T  -  2,0LU  y /o'* 

•USt-  THS-rCtr  =  ,  i.n*,to'S  t**-'*' 

Re  -  >/t.r  S  Vt''  C^r  2 

'  "  ,  *  !4  C/.  C  ?8,  ?^y  )Cas-)z)Q /.fiS  k/^j) 

~  17,11? 

£  Z  s  £-  '  Rf  =  7373 


£-e  - 


/•  osi  tu~*  Coi/sthht  Ci.  Foi.  ship  speeds 

Less  TP  PH  ikr. 


M.  Rosenblatt  &  Son,  Inc. 

DESIGN  CALCULATION  SHEET 


Ship  or  Project 


Prepared  by 


Wo. 
Shoot 


t?  is  r»>/( 

«/• 

PiZoPG  .l£>Z 

C^tree  i/t 


*  Chockod 


Roviowod 


Clj$$  t 

O/ita  £oofzc.e  l 


S Hip  af^R-nc ree isr/cs 


ZOPELLGil  OtA£XCT£/Z>Z7/CS 


Slades  =  _ 

£XP.  a/d./?.  = 

£?p* *aded  Ate# 

■~{?£'j£topeD  dee* 
Pear,  /lues y ^  ^  s 

p/colf  c  TBD  Apf# 

*  R £op£LL£ £.$ 


V 

tHoTS 

StiP 

£HPAmpi 

EPP 

FR<L. 


DESIGN  CALCULATION  SHEET 


Subject 


Ship  or  Project 


Section  Oh  Prop* red  by 


Chocked 


Sheet  H  £  of  //• 


A 

kr. 

% 

o 

H 

n 

BBS 

i 

5I§S 

z 

Spfl 

n 

SiH 

5 

&w 

6 

7 

IBIS 

8 

JJ.S72 

9 

/5*.20/ 

/o 

WKI 

■n 

)Z 

2o.  2  <8 

13 

K  C  tvo  ) 


l.2  7V*/0‘‘ 

A  f  s  2^  cts  C  m*»)  1 
'AC>-?’«0  S  l/Kl  Cts  Cl.ti 0 

Poii  CHf-C-Uf-ATfO O*  £.T 


Cp 


*  to'1  Jt  iO 


ACf 


0.7  HO 


).H(. 


2732.0 


7(,  L2.Z. 


Kt/a 

LZ/lT. 


3.651 


M.  Rosenblatt  &  Son,  Inc. 

DESIGN  CALCULATION  SHEET 


Sh««l 


O Ct  TF£  !/) 


Pr«Mr*d  by 


Chackcd 


Stf/P  Cl/!$S  ■ 
Dm  ta  £ouec-£  : 


J. 


sublet  Hull  Titles  r_Atc/j  -/it/p m  ~  lPD  H 

$h;p  or  ptoitct  Tnr.ttHfir  r^ireP/A 


*ksbs===s=£§==sssLL=. 


S«tlion  E>3>  Dl}  Pf  p«nd  by  ^.C-S 


Dm  /j 1/21  j?f  Chptltttd 


R.vi.w.d 


5///P-  lPD  V 

C.rtL£u<-#r  /oa/  fo/Z.  M/;y.  SP£f5  C.£  /s  Cat/srx'/r 


(4  ^  0.  <<?  i/ZvT7  ~  IZ  S6  use  a  a rr. 


Rr  - 


£VP  /  3 z& 


V 


K 


-  JCM8 


14  *  A657  t/K  -  /3.s>i 


& 


l/fL- 

P 


C£££2  C  ^*.2) 

f  27V  y/tf'S' 


=  e:7V<^ 


cP  - 

4Q  * 

CfT  =  /J?  */<? 


~3 


C  SC-yo£)JUE/lZ  coerr.) 


0,S  t  /d 


•J 


R 


Kr  S-  *£  u  C^r 

l/z.  C  /.  ?*>0  C  E)}720 
20,  /OL 


£  £  s  £7  "  ~ 


z  x 

)C/3.SU)(^l./jr  *  /0mJ  ) 


C-  - _ LiiM  ) 


■2  -  /. 


4  f  C  57, 


Cg  =  O.lSO  zto~*  CgHStunT  F0&.  SHIP  3P£££>S 

LES>  S  TA'/'/V'  <5  /<T 


Section  D 


stop  - 


Pttptrtd  by 


Chocked 


Reviewed 


Rni 
Rr  5 


-J4-L  - 

^  1+271  l*M‘S 

kfSl/^  Crs  C/^si)Z 

s  K.1  Crs  C/-6*0' 


Zr  *  'AC 5  l/K  <~ts  ( 

~TjlZL£.  A>*  Cflt-f.ouAT/Od  O*  }Z 


Vs  C  p 

T'/ztc.  *10 8  *  to~l 


HCf 


£-T3 

^T* 

<  !0‘* 

LB. 

•  -  —  *a«<*»**aa  Wt  WVHf  IMW» 

DESIGN  CALCULATION  SHEET 


KfciSrx^'Cd 


Ship  «f  Proioct  £.&€)? rfC.  */ 


Praparad  by 


P £o i*£..  L££ 


<Za 


Data  _ Chackad 


Shaal  $”*(?  of  /  /C 


R  aviawad 


LCOL 

B 


V 

t»0  7S 

SUP 

£HP/sep 

EH? 

GUIDES  =  _ 

fXP.  A. /0.  A.  =  _ 

ZypAHtED  **■&  * 

PevetoPEO  /}&»  - 
?*«?.  A*t*/b  A  . 

PZosecrfo  Aw  * 

*  .  PEo?£LL££S  = 


ZS6.S2- 

_ 


«T/C. 


M.  Rosenblatt  &  Son,  Inc. 
DESIGN  CALCULATION  SHEET 


s«a ■*<*  Mull  lbskthrcz 


FS-) 


Ship  Of  PrejMt 


CrrtLCUUAT to*/  FOR.  M/*y.  S  P££D  C.£  ts  C<3//S rsf^T 

l/fc  -  <2.  ST  J/LWL  ■=•  ll.6i  USL  (Q  urr, 

o  £HP  /51<Z 

Kr  „  —  —  *  3^jio 


Vs  s  V<  =/*.&•) 

.  l*s  ^ —  C  f(>-  9  1 )  C.  *0  o  ) 

9 


)>2?v  x/0‘* 


=  6*198 1>06 


r  hSOOy/o'1  c  ScU0£)JUe.RJi,  Cost*.') 


>dCf  * 

c<r  s 


0*  By  /0'3 

*•  Hi  /<9'J 


frf  \s  j*  VC*. 

Vi.  C  J*??OS)  C  if,  too 
'  32102 

i?T  -  Rp  -  rets 


)(j&*  81  )Q  ZMx  'o'*  ) 


(  Wit  ) 

'A  ft  It;  100 


=  OMll  YfO 


Coif  strut  fo2  set?  speeds 

L£$$  THA/t  JO  KT. 


m.  Kosendlatt  (k  bon,  Inc. 
DESIGN  CALCULATION  SHEET 


LCUL 


Ship  or  Project 


Proptrod  by 


/&/ 27/75" Oi •ekad 


Vk 

fcr. 

v5 

O 

0 

1119 

2 

3 

SH 

KIB91 

5 

9. HIS 

EUR 

n 

HRS 

8 

IT.  572 

/r.2o/ 

B 

nig 

rm 

12 

2o.26$ 

13 

2 1.K7 

^  C  <10  ) 


1.2  7  V*to"' 

hf  S  1  Ctj  Ci.ni/ 

!/i  C >■?}<>*)  s  !//  C-TS  Cl. itl) 

£oi  cfi(-cut-AT/OfJ  o*  £r 


C* 


7./00 


2,7? 


H71 


85 


2. 


2 • 


2.  36? 


3.L 


ShMt  52.  at  // 


R  (viewed 


£-73 

£t 

•Va 

<  to"1 

lB. 

Praparad  by 


Ship  Class  ‘ 

D/tTA  SoOfZC-E 


CHackad 


SHIP  CHAR. AC  T£R )sr/cs 


eop£CL££  OtAR/tcresz/sT'cs 


bLApes  ~  _ 

£X?.  j./d.a.  - 

£y par  pep 

Devetopeo  /?&* 
P*9*  4*64/$' A  a 

PgoIPC  T/rD  ZfRfA 

*  P&>P£Ll££S  • 


Stfp 

£HPA//p. 

EHP 

PZ-OP 

mWlwWL'MM 

2-1  SO 

"  \ 

ifm 

3  COO 

h 

mm 

»/ 

worn 

m.  Kosenotart  &  ion,  Inc 

«-  i*tn 

DESIGN  CALCULATION  SHEET 

Shaat  57  *i  // 

.  e  ■ " 
"•!  ' 
-  Z\ 

Si: 

X:  ; 

i  \  '  •  *  i 

.ril  VJ 

..  v-L 

•f.  *  '."S'- 


Ship  M  Prajact 


_ Praparad  by  Data  Chackad  R  aviawad 


. .  ship -  y/7?  .  1 

CtiLCUu/tr  /0*s  FOfL  M/fX.  S  PE£.P  t~fH£££  ts  Co//sr**r 


*%>■  -r.  • 

'  - 1 . 

s- 

A<r 


’ ;  t . 

; 

Cv  *.«.  • 
5**.- »  • 


tvv  #- 

• . » 

v  *  -  • . 


1/^  =  AST  t/Z£T  *  )*•«  Os£  /2.<?  <r. J 


- 


gyp 

;  V* 


\H0&  x  12 4 

— ii — r*-  J^zr/ 


Vs  *  /v6£?  ^  =  20.188 

P  ~  t/a1—  CZ*-2M)  C  5“00  )  fl 

.  ,  Cf  ;  /-*7L  *so~J  .  C  ScHoeHUeAZ.  Coe.fr. ^ 

4Cf  *  a-* 

C^T  5  °76  xto'1 


*  i  i  .  •  »*"i 

»■  1  I  .M  V,|„  *;  J 

I  •  I  ■■ 


Rr  -  /i;  S  KA  <C*T  '  t  '  x  : 

•  £4  c  l.ftof')  £  2i3  60  )(jo.Z6#)(2-076  Jk,0  3 

^  4  A  HI 


~  ,?V<3 


&T  '  =  -?325/ -  21,16$  - 


J088 


C*  = 


Cp  ~  0.6H1  x/0~3  Cat/  STM  NT  FOI.  SHIP  3PSEPS  •  . 


.  -  '  i 


•'  1 


V.  •  \  »  . 

1 v*/. 


s#/p-  i-sr  im 

p  .  _i4-L  - 

N«S  'O' 


»  K  C^Q 

).i7<n  its 


^rr^'.r 

•  c.«*v  l 
*•"-  •'* 


£r  s  s  1  Ctj  Ci-tsi)1 

,  Kr  =  AO.?**)  S  ^  C/.t3?): 

T^&1&  Pox.  C#LCL/<-/1T/0rf  Qt  fcp 

_Vs  |  j  s;  j  k7|  1  Zrs  i 

-i 


Vs  *^HS 
kr.  ^'Atc.  * 10  s 

O  0  - 


*  to  ~l  y  /<j 


£/?  <lrs 

x /a  J  <  /a~J 


0 

ins 

I » 

>i 

icsmn 

z^ 

%r/A 

LZ-/lT. 


•  •  ••  I  •  S*  WWIIf  HIV* 

DESIGN  CALCULATION  SHEET 


UCJUJN  CAU.ULAIION  SHEET 


S-^ _ Hull  Zezi'wncz  r  -  ust\  iC 


Ship  or  Project 


rP'r-ilf’  '/ 


Ifiirth 


Oato  /O/ 


U2MJL 

r  Chocked 


Shoot  <~7  of 


Reviewed 


52E!i£2 - B$£>D  Pfoporodby  RCS _ Dote  /O/29/7S  Chochod _ Reviewed _ 

SHIP-  LSb  36 

C-^LCUi-MT /o*y  FOfL  -  M/f  y .  SPE£D  c..'Vf/:£  Cj>  t s  Ca/ssrsf/r 

l/jz  -  0.  sr  i/lwl1  =•  (1.78  t>S£  (Z 

p  ~  £^P  <  5 1  £ 

"  5SHIO 


Vs  ' 

P  -  *4*-  (JoMZ)  C  5^0  ) 

^  *  ~TFJT^~  =  *«?"' 


- 

C*T  5 


a  *<;/ x/r2 

0.6  //*"* 

1.  u/ 


C  ScHoeuuznz.  Caere.') 


’  K j>  S*  Vt  c  C^r 
s  £4  C  i.??os)  C 


2  £t-  £f=  =  qiiy 

cP  =  - £  zag£  ) 

&  r  c  imo  ) 


/o~*  ) 


C  £  =  0+631/10  Cot/STHNT  c \  FoZ.  SHIP  3p££&s 

LESS  THAN  H  kr. 


afct  fe 00  Hrhrw  r 


Prepared  by 


Cheeked 


Reviewed 


>rf/P  C.1.-9SS  • 
Dm  TA  SoOfZCE  .* 


5  Hip  cuarec  tee  i  s  r/cs 


ROPELLEtZ  Owi>/}C.Te/Z>z7fCS 


J2.  S’ 


£t<P/sMP 
ACp  '• 


V 

tfioTS 

StfP 

£HP/spp 

E 

6L*D£S  '  _ 

£*?.  A/o./f.  = 

Ey-’AtfDED  AZPE 

VB'JEloPBO  /}££/* 

Pans.  Art* , 

pKozecrpo  Ate# 

*  PtOPELLE/ZS 


DESIGN  CALCULATION  SHEET 


s«w*«<  Hull  Ke'/luihce 


Snip  or  Proioct 


Shoot  (yO 


1  / 

Pr»p«r«d  by 

S _ D.u  //?  A  3/75 

C~#L£Ln-MT  io*J  FOfi*  M/fs.  SP££0  c*;/S£/C£  Cg  /s  Ca//sr/^/r 

V*  «•  <?.sv  SZZT  -  ,i-v  “JL  !±JLL I 

o  -  *  3 

K'  '  V\  =  1/ss/ 

\ 

14  -  /.  £37  ^  =  10. 163 

P  -  &=L  -  Of-MJC/?*.*  )  c, 

11  V?  /"???/  =  W I  X  /0 

Cf  r  /.  *  / o ~J  C  ScUOtiWEnz.  Coerf.') 

.r  O.Vv/tf'4 

4  Cf  -  _ 

CjT  «  j.^LS  /  /tf'-3 

S  K"  Cpr  „  .sv 

-  'A  C  I.fto*)  C  76j  £90  JG-o-^OL  /•‘fzs>  */o  ) 

~  &OHSO. 

£  £  '  -  3  lioo 


(  2  woo  ) _ 

~Tl  Jc%  CIO  )^2^P 

/.OOly/o’^  CgUSthnT  poS.  SHIP  3pE££>$ 

LESS  THAH  tiKT. 


DESIGN  CALCULATION  SHEET 


Shaal  A 


m.  t\osenoiarr  ct  oon,  me. 
DESIGN  CALCULATION  SHEET 


Prepared  by 


"*•  3*7/7 

Shaat  2.  °f  /// 


Chackcd 


Raviawad 


LCJL  - 

8  ' 


5  t-/?oes  ~  _ 

£*?.  A./D.A.  - 

EypAADED  Azea 

V£'jeL0PeO 
Pe>T.*M4/DA  , 

pKOltC  TFO  Age*} 
PlOP£LL£kLS 


V  5//P  £HP/s,¥P  EUP 

t  HOTS 


u 


PR'C. 


Art.  Kosen&latt  &  bon,  inc. 
DESIGN  CALCULATION  SHEET 


K.E5)STH+i<L£ 


Slml  AJ  o*  // S 


Ship  M  Project 


Prepared  by 


Dot*  /O/Z'f/V*?  Chocked  Reviewed 


SHIP-  4i>-i7 

C#c<'v<-#r‘/0AS  POA.  Mm*.  %AE£.D  c*jn£££.  Cg  fs  Cas/$r#*r 

l/g  -  0-  S'S"  l/ZvT7  ^  H.  13  OS£  !Z  /cr, 

Kr  '  77  *  £***? 


Vs  5  /.  687  -  20.Z18 

p  —  ^3^ —  ^  C.2  <?.  2^-^  ^  ^  4>?,  /}  ^ 

"  v?  '  T^27V  *,<)-*  5  /0.??$  Xf0* 


Cf  -  /.  5*23  C  ScUoE AUZRZ.  Cor-ftR) 

&Cc  --  od^Ll  ~T--3.si  CX.^ 

CfT  -  /.  *iZ3</a-3  C.J  *  *2.  7 !  -  0.765 

-S’ s  7.7/  \f  Mins  -7c,o  '  =  6^/20  pt^ 

Rr  -  Kj  SV^  ..  i.  \ 

*  'A  Ci.ffo*)  C  a,  no 
~  jr^y/?  * 

Sr  c  St-  Se  =  /<??/* 


c£  - 


f  ^5?/^  ) 

TTfcT^T^  )o®-«§) 


Cg  =  0.75/  *f0's  CaVZTHNT  Cz^  PoZ.  SH/F*  3P££J>S 

LESS  TH47J  IZ  K T. 


**».  ivwiciiuiaii  a  juii,  ill s.. 

DESIGN  CALCULATION  SHEET 


Shiv  or  Proj«ct 


N«. 

Sh««t  /  i 


S  Chaekad 


Raviawad 


Vk 

kr. 

M 

O 

0 

n 

PS 

i 

rm 

z 

ms 

mm 

5 

8.HHS 

n 

mm 

n 

BBS 

8 

JJ.S72 

n 

IBi 

RBI 

BH! 

)0 

mm 

)Z 

2o.  2  <9 

IS 

2/.  ?S7 

•  V I.  t\W49IIWtQi  i  V*  WU II#  mu* 

DESIGN  CALCULATION  SHEET 

.  Subj*rt  l-juLL  1 ?EK\$T)i#C£ 

Ship  or  Pwjxt  £mEkE>  gt/C.  '/ 

Spctiow  ^  3  Q  Q _ Pttp»e«d  by 


PiZo PS.,.  I ££  &*r*  EET~ 

tx  O?  /  rp  e  i* 

1  S _ Pat*  JZ/g/l?  Oi»«lt>d _ 


na-  ^ 

of  / 


Raviowod 


Stf'P  Cmss  • 

ft.  TA  CoOKcE  .* 


P>0oP£LL£££ 
'SU*f  4  31 U 


$  HIP  Of  PMC  TEg )  s  r/cs 


P20PELLE/Z  Cp//£/JCT£/Z'Z7/CS 


£flP/SHP 

AC p  * 


Slades  ~  _ 

£XP.  a  /o.  a.  = 

EypAS/D£D  ftZf/4 

E>iV  EloPED  /JEEa 

P*»z  t*eyD  ^  s 

Tk.oZec.tbo  Ape# 
*  PkoPEllEkLS 


V 

tH07S 

StiP 

£HPA#P 

EPP 

SHIP" 

CtiLtCH-srr  /<JV  FoA,  M/?y.  $?££.£>  c*jfj£/l£  fS  Cot/srsfiT 


t/),  -  0.S?  t/LWL  ■=•  /St  li  USE  /V  K7. 

£r  "  £-^  -  mu 

\ 

Vs  ~  /«657  =  Z3.63 

P  r  jib  ,  770  ) 

*  P  x/o-f  ~  * t0 

C  ScHoeuuERx.  Coe  ^-3 


Of  r  !»H7  x  m  * 
4C*  , 

CfT  '  «?./?*  x  /o' 


c* 

C* 


5T. J/2. 


;c2i*6i3 


O.fS'S  xfi  CoUSt»NT  Ci^  FOU  SH/P  SPE&bS 
LES  S  TV/7/V  _ W  /b“. 


f  .* 
r  .* 
u--  - 


b 


DESIGN  CALCULATION  SHEET 


Kr  *  'ACi.ft**)  5  l/K  z  ^ts  Cm*0 


"*  >n  / 


***! _ Hull. 

Ris  1ST  Alice _ Calculation  -  /?<?£ -/ 

Ship  or  »w|.ct  Em  HR  ft,  Erie,  v _ Tow !  tic, 6gWg _ CRittaul 

Prepared  by  S  Data  /O/llJl  ^Chaclred 

Raviawad 

SHIP  ~ 

fiOB-l 

1 

R»s  = 

i/s  L  14  ( 770  ) 

^  1.2  71  l*io‘s 

Kr« 

A  f  S  ^K~  Cr3  C  /‘L3l)Z 

DESIGN  CALCULATION  SHEET 


sublet  Hull  P 


n 


TChackad 


R«vi«w«d 


SHIP-  AS  33 


FOA 

M/)y . 

S  PES  O 

i*JH£S.£. 

cz 

14  * 

ST 

.  7 LWL 

~  0.61 

0S£ 

£t  - 


enp  /sic. 


-  W/67 


14  ~  /'6%1  17 -  /S.Zp/ 

P  c  ^  _  0£f °])C6l0  )  , 

*  P  /  27V  y/o-*  =  Z3td  </0 


r  J.SJO  *(0'J  C  SctioEhlUZHSL  Coe.rr.) 
A  C$  *  0‘S  *ro'^ 

C^T  c  f/0-J 


K?  S'  K" 

'/i  C  /.??o*)  C  b*7, 63<? 

'  <?**£/ 

£r-  «  /W* 

~7TfCs%7To  )Qr.ge/y 


)(/r.zo/  )(^2.a?s/a'J  ) 


1.0B 


Co  t/ St  » SIT  FoZ.  SHIP  3  PESOS 

LESS  1  £T. 


Si  h  fe  h>  H  r"  r*  r  r  r 


DESIGN  CALCULATION  SHEET 


Sh«>t  ~7S  •<  // 


- tkdeL - Q&VTJjriCC - CjLLCU  -jtLT/OM  -  A  PA  -  H} 

--— 0I<{> — Zmmamcu. _ Toy,, /A  fix  its  e** 

- P£gp«nd  by  '  0«.2/r/7A  Ch.ttnd 

SHiP“ 


R«vi»w«d 


*r  • 

//  jcr. 


14  * 


L  « 


A/  /=0/i 

My;y.  S  P££D 

•>-'///■/■£■  C^»  /.r  Ca//s  r&’/r 

0.  zr  1/lwl1 

~  /Z.  yj£  //  /<“j; 

£vp  /iiic; 

-  7/?^ 

• 

\ 

=  /.6S7 

=  /r.S-7f 

i/sl~__ 

Ots?f)  Crro  ) 

’  =  7J31  *H>* 

p 

A  271}/  y  fo~r 

Cp  r  )»S7ix(0s  £  ScUoEiJUZRJL  Coerr. 

AC$  -  O.S  *  /a"1 
C;r  s  2.07i  k/0'1 


R*  -  S’  H  *■  C*.  z 

'  ^  C/.  ?;<55-  )  (;  son'll  )G*s7i)(_  z.oiix /,-■*  ) 

'  £r  -  £r  =  /z;^ 


=  -; - C-lll££ _ 1 

/4  fC  swii 

C*  =  O.7Y8S/03  Cvt/STHNT  foil  SHIP  3F£EC>S 

LESS  TV^A/  /I  vr 


UCJIVJIV  V.MLV.ULA  I IUN  Sttttl 


Subject 


Skip  or  Project 


Section  0  D  Propeted  by 


SHIP  - 


Shoot  77  o*  II. 


Zr- 


Chocked 


_  1 4  L  ,  ^  (  sro  ) 

?  .  /.2  7V'fO’S 

/£  f  S  1  CT5  £  /.6S?)1 

c uw#0  5  Cts  o.6s0 


£r  *  A  S  <-r5  C/.6S 

TVj5i£  A>g  cnt-t.uc/IT/O d  O*  £t~ 

VK  V5  Cp  ACp  ,  C.£  C-ts 

Ac  r.  P/^fc.  * '°9  -/.to'1  * /o~l  *10  J  < /o~3 


Reviewed 


Vd 

l6-At. 


o  I  0 


1 

/.m 

2 

tfCU 

3 

?.o<  7 

n 

5 

£VV3’ 

d 

IBR! 

_Z_ 

3  1  s.  *12 


1  \lf.loi 


to 


)l  7o,V>%  8.7/5" 


/i  Z/.?57 


M.  Kosenblatt  &  Son,  Inc 

.  H 

DESIGN  CALCULATION  SHEET 

SI 

LH.L  K  ?^>ST>\y<C  £  si'  PiZopfiLLE'Z 


Ship  or  Projoct  £rtO:6.*? rfc.  7  ~Tr>.'.)/fi]ra  Of  I  T££  !fi 


Praparod  by  PS.  S  Data  3>/ V/ 74  Chockod 


Reviewed 


Ship 

Class  * 

Out  a 

‘snUfZC.E  . 

5  Hip 

OfAflAC  T££iST/CS 

V  5VP  £t,f>Af*P  Efjp 

{HOTS 


10 


20PBL IE/Z  CM#£MCT£/Z.>Z7fCS 


KL.fi  DPS  '  _ 

£XP  A./o.A.  - 
EypAtfDED  tZffi* 
JOeoBtnPPD  /}££fi 

far.  A*ry0  A  .. 

TkoSPc  rpo  Atffi 

Pi  0P£U-£*L3 


Rt 

00f/i>S 


C-tiLCtn-MT  iqaJ 


£■<>&.  M//y.  S  O 


C^»  /  s  Cat/S  r&/?~ 


R-  - 

( #r  /pict. 


l/K  * 

*  sic, 

V  K 


0.  <st  i/lv/l 

-  iVzo 


/i.sz  use  )o  er 


14  =  A  63? 


=  /<.s? 

C/s.s?K  700  ) 

/•  X/O-7 


?.ZY3x/u8 


Cf  =  J.fiLt/a'S  C  ScH0£)JU£/VI  Coerr.) 

c  U.2.  Jt  /Q~3 

<^T  *  1,7 16  x/o'l 


Re  -  Kf  S  K  c*.  * 

(,/.7?oS  )  Q  1,1.7  70  )06'&<i  )(/,7V6  *  /p'J  ) 

'  3i//cf 

^  ~  £t  ~  Rp  -  7ooz. 


=  - £-  Z££l  ) 

^-fC  61)7?0  JOTiTP 

5  *'  *  ^  Col/ Stunt  FoZ.  SHIP  3PE££>S 

LESS  T1/1H  /<?  /rr 


wh^i'jn  wMkv.uLMuuii  once i 


/tLCi'L 


Ship  or  Proieef 


Section  Jy^y  0  h 


Prepared  by 


Chocked 


-J4J= _ _  i/j  C  700  ) 

Z  l.27ll*’M~S 

if  s  K?  c  *.63?) 

Zz.  Cl  Wo*)  S  l/K  Z  (-Ts  C 

&>£.  r?H.C,Ut-AT/OhJ  o£  £ 


V5 

^/5K.  *  10  8 


dp  A  Cf 

•/.to'1  * /o'1 


O  I  0 


(,.7  Si 


ff.W 


5  )J.  512 


°!  IS.  I ci 


)0 


L 

u 

n 

Z.Z6 

5 

10 

•LiO 


in  1 


IZ 

2o,2iS 

IS 

2I.1S7 

SUkl. 


Raviawad 


Vd 

ts-AT. 


Art.  Kosenblatt  &  bon.  Inc 

DESIGN  CALCULATION  SHEET 

SI 

ULL  i? i  C  r> J  */<l  c 


Ship  or  6  ,^//C 


Praparad  by 


ja  C/?  /  rv=<?  /* 


Dal*  CHackad 


Raviawad 


SrflP  C  L/9S3  ' 

ft.  r/?  boozes  : 


AT  A  Hot  AtJs !  LAA>Lf 


5  HIP  CH*ZrtCTE£)ZTlCS 


£OP£Cl££  CAA£AC.TE&>Z7fCS 


Slades  '  _ 

f/P.  A-/D.A.  • 

BypAADED  AZfAt 

Developed  a kea 

fl»x  ^y0  A  , 

PZOSEC  TEQ  APE* 

*  PPoP£ll£aL3 


V 

f««7S 

5  VP 

£HPAep 

££P 

BMP  pc,c. 


ivu^otiuian  u  yg 11,  hji« 

DESIGN  CALCULATION  SHEET 


fi  '■ '  o  K 


Ship  or  Project 


c — 


Prepared  by  /<  C 


Ch«cli*d 


ALCUCAT/ 


Reviewed 


Calculat/O//  ofi  £*€£  tft/LL  ££S/Sr*Nc£ 

'Tst'iLo*  Stand*  zb  Serifs 

S^ip  C<-*S5  _ Ao-  9? _ 


OS/bKa  the 


UatEZuNE  length  i  -  £#£ _ 

5  -  W _ 

blt'T  hf  *'  10.  n _ 

PISPlacSMF/St  £  -  Z I  ffqg _ 

/  M  /?  s-eo  Volume  “fr4  -  76<rfon _ 

OJETfEh  SURFACE  S  »  _ 

Hot  GIVEN  TNEfJ  c/tccuctre.  6  V  f  Quartos 

S  -  d5  ^  V*  LWL 

C5  <-a€fPlttBt/7S  SEE  EeP.  Y^) 

5e*m  -  P.atso  %  -  Z.ZE _ 

Long'l  PRism *t>c.  Cp  -  o.7EZ _ 

I /ouJMgrzic  cogrPtae^T  C+t  -  ~  0<  *  /o 

WETTED  SURFACE  CoEPFtC/Es/T  Cz  -  C/l7TL  '  ~  ?.67<T 

4  C£  -  _ clo&Y _ 

■  ^  _  3.00  -  Vtf 

T'  ~  0.7 r  "  —  UQO _ 

A^tE  •'  ScNoENHERZ'S  FPKLT/Ofi/Ac  FORMULA  r'o  >v-  /a  Cir  OS€0 

TO  0llT*,/V  Cf 

g  ,  Ai£7  OP  ^  ^ 

*  V  rpiLo&'J  Set 


WHERE.  y>  -  ).  Z7?  /  *  /o~s 

fir*  '/l  p  S  Vk  z  C /.ts?)*  Ct 

0}H€&£  £  r  A 


f'lZni'!‘trCL£/Z 


DESIGN  CALCULATION  SHEET 


ijVcK  T>1btC  £ 


Ship  or  Piojact  Cl/CfTPC  /// 


Prepared  by  I'Z.C-S  Data  3/l/l  £  Charted 


Reviewed 


Ship  Class  * 
Os  TA  SoOdC.E 


SU!?  a(/vincTe£)ZTics 


SOP£LU=/Z  Cmm£XCT/?/ZIZTSCS 


EXP.  A./D.A.  = 
EspaADEd  S)zr/4 
Dtr'JC-LOpen  /JCFsj 

A',r  /,«Vo.  *  » 

Pro5*crf9  Aten 

r>  ^ 

r>  OrfLLfrZ^ 


V 

tHoTS 

SHP 

‘"AfP 

EUP 

Pfoputd  by 


Chacbod 


Raviawad 


C.rtLCU(-MT  to*/  FOA.  M/f  / .  5  PE£  D  /z  Ca/ssrus/r 

l/fr  -  0.  <?r  i/lwl  7  -  n.  73  kr,  use  iH  fsr. 

'  ^—7--  ~  -  Z7iy^  (  at  /I  £T.J 


Vs  *  /.  657  =  13. 


!-j  - 


C*3'6r)  )  a 

/.  s/o'*  =  /'HI*'* 


f.^/Sx/o*  (_  scHot/JUe./zz  c oerc.') 


a.  76  X/J~J 

2*/ 75"  x- 


%  S'  i/s  c^r 

'/l  t/.??0S-)  £  I561f0 
"  110075" 

-  Sl3s-y 


7 

X»-*X 


(  sus-y  ) 
i^vio  )  O-5- *) 


=  /.OIL 


Cat/ SthnT  poZ.  5MP  3p££&s 

Less  th/w  /*t  isr 


DESIGN  CALCULATION  SHEET 


DESIGN  CALCULATION  SHEET 


Shear 


Subject 


Ship  ot  Project 


6  Chocked 


Reviewed 


FOA. 

M/f  y , 

S  >>££& 

^  - 

0 .  <s 

Vlwl1  — 

17.  Jl 

C.£  ts  Ca//s  rx'/r 

17.  J )  OSE  )H  fcr, 


p  _  ^  £VP  / 

"  Vv  -  2JL3r7 


Vs  ~  /*&31  l/K  —  2  3.CS" 

.  P  ~  Vs1—  C  no  ) 

0  -  - - - — - - L. 

r  >>2?Vx/o-* 


~  /.8JOZ.  x/t> 


A  HZi  y/a'J  (  ScHo£UU£/Ul  c oefe.') 


ACc  -  0-778  x/o~J 

T  =  Z.ZOI  J(/o'i 

R*  -  %  s-  ^  *■  c^r 

s  ^  C/.  7  Jos')  £  l*/7>700 

~  (tour 

'£  =  £-r '  =  my 


;Cu.«X  2. /* 


- 


_ f„.5/?y/  ) 

&  r  c  )iit79o  )(***; 


£  "4  63/*/0 


Cot/STHNT  p0^  Stf/p  SPEZOS 

L-ES\i  Trf/J  A/  l»t* 


■'-  •*••'.  •*.  ■',  •’.  •’.•*.  v-.  -  -'.  •'.  •’.  •".  ,  • .  -  .  •  v'  V  s’  s*  s\\"  s’  s 


Art.  Kosenolatt  &  bon,  Inc 
DESIGN  CALCULATION  SHEET 


SHIP-  LCU  f'i 

t0*S  POP.  M/)  y .  %  P££  O  t-'U£S.£  Cg  / s  Cd//S  r/f/r 


l/)z  -  0.  <r  i/lwZ1  ~  6.0H  use  H^T. 

£H?  / 5 16  .  __  „  x 

- -  -  8t±  C*r  H  <r%J 

\ 

14  5  /.621  ^  -  6.7*4 
;  JiilL  r  ClloJ  )  7 

P  "  J>27?/*/0'~  =  6>-27S~*  /o 


Cf 

-  2.  2<?1  £  ScHotjJUE/ZZ  coefF.) 

M  SX-t.* 

Vf». 

4  Cf 

<^T 

=■  J»  H  S'  x  (o 

*  5.65-1 

Rr 

-  >1  f  S'  K*-  z 

=  ^  Llanos')  Q  mn  ;U*r*X  3 

'  £r;r 

'  -  . 

«*  : 

£r  ~  -  ({0 

-  ’ 

II 

u 

.  f  no  ) 

Zt-^Lz w  )  0.75-0* 

c*  = 

0.B1S  Coi/SthnT  poL  SHIP 

LESS  TH/W 


i  Wt  •  wMt.WWWMI(WI1  JIUU 


Sheet  ft  3  ol  /A 


Shis  or  Project 


Prepared  by 


Cheeked 


Reviewed 


-  14  ^  C  120.1  ) 

?  1.271  )*M’S 

i  f  S  Cts  C  MS?) 
/t  C*-W**)  5  ^  2  Ctj  C 

chlculat/o d  o *■  £ 


Cf 

AC, 

-3 

-i 

*10 

*/o 

Vd 

^•At. 


f.ot  7 


4.7-T, 


^  ff.V'/S- 


8 

JJ.S72 

9 

/s'.  20/ 

/a 

16.81 

12 

2o,2tf 

IS 

i  i.tf7 

r 


T' 


B  U 


m.  Kosenoiarr  c*  don,  inc. 

DESIGN  CALCULATION  SHEET 


Mo. 


l£Ll± 


Shoot  $  J  ot  / /  & 


Subject  1-luLL 

4  PlZnPfS^ 

l£Z  £>*r*  Sheet 

Ship  or  Project  t 

E(*iet?6.e  HC  7 

Cydirpe/At 

Sect  ion  £"  D/") 

Prepared  by 

/2C5 

Date  2// 1/74"  Checked 

Reviewed 

Ship  Class'  FjLlASJ.  f  Dg 

Oat  a  £ooac.i  l _ 


5 til?  CK/IRAC  T££ tsr/CS 


p20PELL/=)Z  Ot/1£/j(.Ten>  Z7/CS 


\l  LCJL  - 

s  ■ 

I 

.  4  ■ 

WS  • 

c p 

ACf.  ’ 


JSL6&. 


5LX 


~zs 


J5-.ll. 

_ 51_ 


noo 


Z)8/S  (CAictntreb) 


O.sil 


Of  00 0.5 .(tiSSULtiSL^ 


D/a.  -  „ 

Pirr.tf  ~  _ 

*  Slades  ~ 

£/P.  A./D.A-  -  _ 

E/pahded  *  _ 

Developed  detv  *  _ 

P**An*/t>%A.  * _ 

VZoSectpo  Ac?#  * _ ;?/.J 


JfS.  I 


RpoP£LL££3  - 


X 


DESIGN  CALCULATION  SHEET 


Shoot 


^—jLLJA. 


subi.t«  7 ~jl1L2JL  £r/r/'Q#*Q  -  g£S jsmiKE.  ^t;ur/QV_ 

Ship  af  Project _ V  rt'.j  kE  S/S  T/1/tcE  C- £j_r££l£. _ 


Section 


Prepend  by  JZCS 


_ DeU  IZ/tafi*?  Checlred 


Reviewed 


Cflcul^t/oa/  op  £*££  f<JLL  HZSISTArtCE  ostrtb  Thl£ 

T/T/lo*  STAND4ZC)  SEjZ/fs 

St//P  c<-*55  EE  tost-  ot  ££  14EL _ 

CJUr€(U.!f£  LEtJ&Ttf  L  *=  f  L3. _ 

QEam  6  -  46.k _ 

Di*n  H  *  zs _ 

P)SPL»CfM£/ST  £  ~  HZOO _ 

I M  t<e £  s£D  Volume  ~tP  =  / 47000 _ 

coerrED  SORftce  5  »  £/  818 _ 

If  S  /s  for  f>  !U€f  TfEf  c/iccvt-stre  &  y 

S  «  i/  V~LWL  ' 


(f*  cs 

C.o£FF/C/£//rS  SEE 

y) 

DZrtFr  JZat'o 

/f  ~  j‘  fits _ 

Zo/*/6  ’L 

PR/SMsJT'C. 

Co  -  _ £L£ZZ _ 

™"= 

VOLOMErk'c  co?re/</fVr  Cy.  =  ~  _ 

CJETTED 

s uzf/fo.e  coepFK/F/rr  Cj  =  yi/rC 

=  2.7<* 

A  Ct  - 


tr--  3.00  -  */t> 

^  <3. 7S”  '  - 

A  lorr£  i  ScPoEf  M£.ZZ'  J  F£iCT/Oa//}l  F0R.MVI-/1  T'O  V-  /3  ZF  os  C  0 

TO  0/jTO/a'  Cjp 

n  _  hien  vk  c  O 

'  y - 

CJ USEE  >>  '  LZ79I  x /0  S 

fir  *  A  f  S  Cl-*F>y  Ct 

(,>H£#£  £  r  hjfos 


HD-R150  941  DEVELOPMENT  OF  A  CALCULATION  PROCEDURE  FOR  THE  3/fr 

DETERMINATION  OF  TON  RESISTANCE  (UNABRIDGED  REPORTXU) 
ROSENBLATT  (M)  AND  SON  INC  NEH  VORK  APR  76 
UNCLASSIFIED  N00024-74-C-5508  F/G  13/10  NL 


r^r.  nr.  nr  nr-  +r  -■ 


Shaa<  f  /  a«  //; 

21 _ HvLL 

Re:><Ttiu<L£ _ r  a  Lev.  *  t/oa/  -  pp  /apz. 

-2±221 - g te££jS£d£J- _ /  GCdtH fit _ GrMt _ r finest  //? 

i22 _ BSPD 

Pf«e««4  by  /2C 5  Data  z/rtjlt  Oiackad 

ftaviawarf 

SHtP- 

C~rtL.£U'-Ar‘ >OAj  POA.  S  p££.c  *.•»£/?£  C.£  ; 

/  s  Ca//s  r#vr 

Rr  " 

^  -  0.  5T  l/Lv/L7  ~//.Zr 

^  ,  TeiLaR 's  seztes  iPbteAres  TM*r 

£t/p  /  ^IC  _  £«.  ts  CaZSTAer  &*-eu  %:**'?- 

V*  "  &#s“3  * 

/«■  *t; 

\ 

Vs  '  /•**?  =  2<Jir 

a 

_  c^vVCi/?  ) 

P  )>27V  y,0-*  “  8<l91*/0* 

Cf 

s  /.  T6  7rs*~3  Cs cHo£Uue./Ui  Coerr.} 

4  Ct 
cfr 

s.  0, 6  r/*  ”J 

*  Z.IV,/a-J 

Ry 

-  %  s-  ^  c^r  , 

*  /i  C/.??«o  C  z/?/a  )(j*%is){^zj(j  ,„•*  _) 

=  30£«3 

S 

£t-  £p  * 

c£  - 

Z,8/& 

Z.Z.0  p/0~*  Cot/STHNT  poi.  SH/P 

C£SS  /r  w. 

3PEE&S 

DESIGN  CALCULATION  SHEET 


b 


Dili  C 


*4  £  y/f  J 


1.2  71 1*  to- 

Cts  C  I- til)7' 

A  Ci.f’^O  s  ^ z  c.rj  C/.t«0 

Poi  £/U.f.Ltt./1T/0*/  O *  & 


1.U0 


Z.7U 


8  Ui.m 


1  /r.2o/ 


,  .--3 


2.2.0 


ii 


Z-T3 

J?-r 

<  /<?'•* 

1.711 


H.(oi 


IZ 


IS  2/.??7 


ivi.  ivoMiioidir  a  oon,  me. 
DESIGN  CALCULATION  SHEET 


r/m 


2800 


•I  If  8 


Owetod 


20P£LLeg  Ot*f£x<.T£/Z.lS7'CS 


6u»oes  ‘  _ 

£/P.  A.  / D.A,  - 

£yp* nt>Eo  tee# 

t?£\J£  loped  /Jet# 

Peor.  Ate* A  , 

PZoSEC  Tfr  Q  Atf# 
*  P*OPiLL£tZ.$ 


V 

£#•75 

StfP 

£Hf>A/fp 

EUP 

wcjtuw  V.M ilULAjl  U N  ShtfcT 


Hull  £ezi'™hcx  r  alcu-.*t/on  -  bbt>  -7. _ 

?***  **’-”!*** - ZM££J£tl£JL _ Ta&i///*  Sr**  _  {Lane*/* _ 

Stli—  13 S  DD  Priwud  by  D«l»  2./ /3  ht>  Qf«k«d  n«»f  wd 

SMP- 

CrALCUUMr  to*/  ?0A.  M/JX.  SP££A  i*JNeS.C  Cg  ;  fs  C6trtr*t/r 

l/K  *  <2.  ST  l/Z^TZT7  ~  UfL 

/^up  t  7  ?  r  Tticsfs  s££ias  is/dicat/ts  c*  *s 

Kt  *■  - rT"“ -  -  idS’O  CMfitriMT  Ar  v/tC-  0.S8  S  '2,  feL' 

V  / 


! 

*• 

»** 


Vs  *  /*6&1  -  20,2.63 


L  - 


CMMflcyj/  ) 


=  £.  X  (0 


fif 


Cf  ”  ).t>QS  */0~*  C  Sc^oe/JUE^Z  Coe  ft.) 

ACf  --  !■">  <j2_ 

Cfr  =  T.JCS  </i~J 


;  S'  *■  c*r  z. 

C  /.?*>0  C  JO^X*7** 

>  a  —  ~ 


£  £  =  =  1*100 


- f-  2 

^  )  (*>'V8)Z 

-  J 

/,13<l0  Cot/STHNT  FoZ.  SHIP  SPBEbS 

Less  tv*  a/  li  k?r. 


OESJGM^AimATIONiSHE|Ti 
***«  Mull.  Resist. 

F/«ggr,gA/<iy 

ImM—  fi^QD  Pt— tfd 

smp  - 


0«f  ?/ 


ttgctaj 


£»s  =  ~V  *  L Lm  l. 

*  UlllWto'5 

%r  5  ji  f  S  Cts  Ci.(>&i)z 
Rr  *  'AChf9**j  S  l/Kz  ^ts  0.6*0 
“TmBlb  Eol  c*lculat/oJ  o *  ! £r 


4c  Vs 


C|J  C.T3 


r.  /^ed  *'«®  //o'3  //o'3  */a's  * /o'* 


t  /.HI  O.st.1 
l  3.373  J.JJfi 
S  <017  1.1  01 
i  1.7SC.  Z.ZlL 
*  9.HHS  Z.  UHL 
'.  M/3V  \HtS 

l_  hah  3 ;  m 

b—lLiLL-lll±_ 
L-I*™  JT,yn 
'*-JjULjLA2L 
!-  tow  t.uo 
L_  20.  269 


13  2i.?T7\  7.31 


-•z-PL-T- 

IM. 

f.Ssi 


L2Z0_ 

/.££$• 
UJX. 
U33L. 
it*  as 


Ji-JLS3-  .3417*/ 
Jt.  «ar  .  lifi7Hz 


CT3 

/O'3 

£t* 

LB. 

Va 

AA/cr. 

rt 

o 

*76 

seV.  .... 

0-07/ 

,/«• 

.  /2^/ 

o.zi 

JL£21_ 

Z  7J  0 

o.u 

/.  6&t 

*/77£ 

/.  05" 

1,1*1 

yjfi/? 

/.  £Z 

!,rt1 

/orz« 

Z.JZ 

H,5T 

)HZ13 

3-/3 

ft*z 

IB ‘IS S’ 

V-  06 

Kilf 

_  Z3  zz* 

-S'-// 

L17J 

-2  SJlIA _ 

_ 6.  Zfl 

8.^7 


r#i  JU 


wv  s^%*  s. 


DESIGN  CALCULATION  SHEET 


UiMl  •>  //$ 


Ship  Class  • 

\)#TA  S>oonc£  • 


p^irf  C-alA-UM  —  )Z)AL.  Ci^Dir/at/A 

BH  uti  M  VltA'1  5>M/.  n 7?  ’ 


ZUS  -I 


S Hip  CHamc  reg isr/cs 


>20P£LLf£)Z  CMX£tiC.T£fc>Z7'CS 


bLApes  -  _ 

t*?-  A./D.A.  z 

EypAtftED  ftZM  * 

OEOCloPED 
PvnT.  Are* A  9 

PPoS^crpo  APf*f  1 

*  P>oP£LL££S  - 


V 

Ar/fors 


/6 


SUP  **%(*(>  Bpp 

xio~* 


/  •<  ! ! 


•r  Pr«j«ct 


/'  T/UlC£ 


PlMtfM  b 


Cbick*^ 


R*vi«w«4 


C*LCUl-mt  io*J  POfL  M/fy.  S  p££ D  t*yH£S.£  fs  Caz/srX'/r 


Zr  - 


£H? 


l/^  -  ’  5T  \ZlwC  ~  ll.it  ic r. 
f  5i6  .  AT  ce  '•* 


U  JT>LL  ClN*T*N 


Vs  s  /•  ^  3  7 


£,  = 


Q7.aijJ  tsio.i  ) 

27V  x/o-*  =  U^OZy/0 


Cf  s  /-SI  y/*'J 

AC$  -  o.s  */o~2 
^■Tt  *  z.0|  y/^'J 


C  s cuoeiiuzRz.  coer*\} 


'At  S'  K  "  C^r 

s  £4  C  /•  7705  )  C 

~  5/73/ 

&T~  *e  s  S7Z/J 

) 

&  r  c  3^ vo 


)(mZ7.0lH')(^2.oly,t~J  ) 


7.loTjct0~*  Co v stunt  poZ.  ship  spee&s 

LESS  H  kr-r 


iigrtf  y  *i/l 


Checked 


Reviewed 


%  C  530.1  J 


1 .  2  7?  /✓/«  ’ 

it  f  S-li*  Cts  C  M*0* 

Zi  C t.f9o*)  5  t/KX  (-TS  0.4*0 


&r  *  /*( i.Vo*J  5  !/k  cts  ( 

cflt-C'ULjrnott  o*  £ 


CP 


tf.W 


g  IJ.sT/2 


;  5",  2  0/ 


/0 


/2 


/i  2 1.737 


DESIGN  CALCULATION  SHEET 


siimi  7?  •*  II 8 


p£oi*fz(.L££ 


Data  Zookce  .* 


5 Hip  CM# mc. re£ isr/cs 


POP£tL€£  Ot/tAACre/ZlzT'CS 


C^CLOlOAi-  pBoPect-e-ns 

Dm.  - _ 

PiTCV  - _ 

*  &l Aoes  -  __ _ 

fxp.  a./d.a.  =  _ 

EypAfJtED  Am*  *  _ 

£fci itcopeo  Aefjj  -  .  . 

frnX  »'«/0  4  = _ _ 

PZoSfcTfQ  fief*  * _ 

*  PrOpjfLLf£S  ~ _ . _ . 


SrfP  £HP/spp  EtIP 

//a~z 


Z.HS 


3,55 


UtSIUN  CAUUIAIION  SHEET 


of  // 


K7HNC£ 


SWt  f  N«ct 


C^rtLCCfi-Air* /c*/  Po/L  M//y.  S  PE£.D  **N£££,  Cg  ts  Cd*/sr*vr 


l/jr  -  O.'S?  l/LWL1  =*  t  /£ 


i'S'f  7  4^77 


- 


£VP 


-  £  41-  7  £T.) 


14  *  /'ts  1  \/i 


L  « 


y<  =  //.3U 

C  H. Bll)  C  120  ) 

TTnTT^7*-  = 


Cp  r  2.(>lt  (_  ScHoeiiyztlK.  Coerr.*) 

&Cc  -  Os, S’  xto'2 

CpT  * 


Ar  S  C^r 
:  ^  C/.7>*0  C  III  01 

'  1&Z3 

&T~  *  £7 


X"-#t0O  .12.1  K/a'^  ) 


'A  fC  /// *7  P(M«, 


=  0.0VJ 


Coz/sthht  poZ  SHIP1  3PEEOs 

LES  $  TV/9  A/  7  /CT 


w 


iti.  iwiBiiuiau  a  dun,  iiiv.. 
DESIGN  CALCULATION  SHEET 


Sublet 


Shi*  of  Project 


Proporod  by 


asr' 


Polo  2/  )ihc  Chocked 


Cls?S$  • 

0/fr/f  £ooec£  : 


bL6-2i  Cej 


Shoot  102.  of  //, 


Reviewed 


5 Hip  aififwc  reg isr/cs 


^gOPELLeg  dM/t£*C.T£/Z./Z  7/C  5 


SHIP'  0L6  -IQ 

C*Ltu<-»r>on  PofL  M/ty.  sPeao  c*j»e££  n  C*tnr#*r 

l/j^  -  0.  £T  i/lwl1  ^  tZ.fl 

H*JfVtSL  Tw«i'*  Sttoes  C*  IS  CtHSTAUT  JS£lmj 

p_  *  gyp  £  Hi  -  *^/r*  O'*!  s  W  *r. 

*'  V* 

*r  H  nrr. 

\ 

\/s  »  /.«a7  Ht  =  zj-<« 
p  -  J4£=.  -  gM«JC«y.<)  .  * 

^  °  >.27Vy,0~?  “mb  ' 


cf 

4Q  ‘ 
^■•Tt 


=•  /.  ?S7  x/o’*  CsoioeihaRSL  Coer*.) 


0.6  ^  t* 


-3 


-  Z./3  7  ✓ 


-J 


R*  - 


£  ' 


i*  S*  J5 
'A  Ci.?tof)  C 

-  W* 

&r-  *  2^? 


^  (?3.*  16)(^Z.!2?  *  /fi~J  ) 


C*  = 


(  Z  bis*)  ) 

/47c  *Vi0 


C 


/.  K?*/0  *  Cat/STHHT  CL  ?0>L  $HtF>  SPEEDS 
LESS  TH**f  E  EL 


ucaiut*  v.MtxuLAMUN  ihcc  I 


/'  7J1UC6 


SW*  M  hfjwl 


Mil 


CrtLec/t-Ar to*J  Pc  A.  M/jx.  SPc.e.o  c~jnp££  Cg  /s  Ca*/sr#*r 

\SK  *  0.sr  i/HTT  ~  M?S 

n  £UP  /zzs  d*'**tt  Ta1Loi 'I  Seats  y/r  co*stx?a/t 

*  - VZ  "  *****  &SLOCJ  U/^90.4¥  2  /LPT, 


—  — 

(tit*  ii  pr,) 

Vs  *  /-68 7  4^  =  zo.n 


L  * 


C  **V)C383  )  Q  6 

>'Z?V  */o-*  =  4Ml*/0 


Cp  s  l.lZlx/o*  £  ScHo£/Jue./vi  coerr.) 

ACf  a.  J*Jil r/i~2 
Cfr  «  Z77  x,6~* 


Rr  9  %  s^gr  z 

s  '/l  C  i.??os')  C  Xz*‘27X  z.77*/0  ~j) 

~  *//.*/ 


*  zisiS  - 


LlfS/  *-  I3?6.& 


I3H.8 


0.H3  *  /0  J  CotfSTHNT  Cg^  poz.  SHIP  3P£££S 

LBS  S  TH*N  /Z  fcT 


Froude  Numbe.  * 


Speed -Length  Ratio 


Shi*  ir  Pr«i»(t 


eivwncc  CuLLCti 


Prtptrtd  by  fcC—S 


D«l<  i 


Chackpd 


Rtviawad 


C^UCC/t-MT /«5V  pcA.  M//y.  S 


*e.et> 


•UfS.C  C.^  t  s  C"a//sr#vr 


t/jr  ~  0.  <T 


i/i^T7  -  /2,^r  </*£■ 


£VP  /  j!2£ 


14  *  /-6&1  - /161 


h!=L 

v> 


C/UfJCrto  ) 

>>  27V  y/c-r 


■“  £,  *  to 


LCt  - 
c-Tt  s 


/.  (>0*1  x/o~3  C  ScyogfJUS./^  Coete.') 

O.jll  tto~3 

z.m  r/0-J 


%  S'  J*  "  C^r 

'/l  C  L  7  Jos')  £  $£6  00 

r  Z.2  J3  ? 

&r-  ^  =  nn 


)0i.8l) (_  2.5-27  'S/03') 


c*  = 


__  £  U'/  ) 

j>c  }  (/*'*?. 


A  ??5" y /0  CoHStmnT  poU  SHIP  SFBEOS 

LESS  TU'IM  /o  trr 


$3*$*  or  Pfoioct 


Prepared  b 


Chocked! 


%  C  SZO  ) 


,  {.  2  7i 

i  f  S  Crs  C  M3?)* 

Zz.  Ql.fw)  S  l/KZ  Cts  C/.6s0 


R«vt*w«4 


LCf 

.  _ 

*  <0 's 

*  to  ‘l 

r-/a 

LtAr. 


8  \)2.*U 


is-.ioi 


)0  1 U.8 


II 


IS  2I.7T7 


.  (SO 


r»r^e-i 


-11U7 


ZeziLvifia:  r  alcu 


Shis  n  Proiact 


Piaparad  b 


Chackod 


Raviawad 


C-^lcuumt /a*/  PoR.  t*/)*.  S  PE£D  Cg  ts  Cts/sr*'/? 

l/K  -  0 .  i/I^TT7  -  //.J-*’  6  /<r“ 

^  _  gUP  /  5lr0 

Kt  -  - 7- -  *  /**7 


\/s  a  A 637  s/a.fjy 

^s1-  _  C/Q/Jl )  C  726  ) 


/.  2?7/y/o'* 


r~  -  i.  jztv  /* 


/.  733  x/a~J  C  ScHoe*Jye.ML  coere.') 


ACc  -  . 

<^T  * 


z.  5^3  *v0_J 


Kf  S  K1*  c*. 

'/z.  (./.??<>?')  Q  303  BV 
~  8o*3 

£r-  £P  =  zsn 
(  WH  ) 

ITfc^Jsv  )  (j°-w)‘ 


)(jo.  13  H)  (_  Z>  5"73  v  tf1') 


~  0-I0i 


Co  1/  Sr  M  NT  PoC.  SHIP  SFBZbS 

LfSS  TP'l#  £  er 


•  *  ■-  '.'.v"  s'. 


once  i 


Subject 


Ship  er  P reject 


Sheet  //  S  •* 


SMP  - 

R»s  - 

£r  * 


.  — L  -  14  £  V26  ) 

?  1.2  7V*n’S 

/ifS  1/K  *  Cts  C  M«0* 

A  C).f?o*)  S  l/KZ  crs  Cf-Ul) 


~Th&L£.  foB.  £fiLf.UL/1T/0*/  Q*  £• 


Cf 

LCf 

*  3 

«  10 

7t  /O  'i 

C-TZ 

Zt 

<!£>’* 

lB. 

<*.0<7 


8  IJ.S7J 


/r.20/ 


/0 


12 


IS  2l.'fT7 


3.31 


m.  ivuooiiumi  I  vx  OUII,  1 1 1C. 

DESIGN  CALCULATION  SHEET 


Wo-  I 
Shoo!  // 


Ship  ot  Plant! 


i_S*cli 

on 

Prgpjrtd  by 

£CS  Oit«  2/ y  /V 

- - - r  -■-■■» 

Oittkad 


R«vi«w»d 


C.rtLCVu/)T  to*J  FOA.  M/;  y .  %&£.£& 

l/k  r  0.  sr  \/lwl 
P  _  -  <£VP  /  5L£ 


*-'rffS<£  /  s  Co*/s  r&’vT’ 

(Z,U  os£  0  XT, 


V$  s  /.  621  ISj^  s  /&*81 
r  Jd£z  _  C/«.^;C5T6  ) 

v>  - 


4Cc  - 
•  * 


l.sv  *>*  ■ 

O.S  Xl*‘2 

i*oy  x/o~3 


l>Z?V  y/O-*  =  2JV2.*V<? 

C  smoetftiziui  coetr.') 


•%  s-  c^r 

'A  C  i.??os')  £ 

£r  -  Kp  -  m wo 


ce  =  —-  f  _ l  . 

^  f  Qlisyo  )(J6.8 *l 


~  f.OS$y/A 


Corf  Stunt  Ci^  FoZ.  SHIP  3p££OS 
L£SS  7V/WV  ,4? 


ucn^i'i  WAU.ULAUON  iHfctT 


SImm 


£0*7  Z.Z05 


DESIGN  CALCULATION  SHEET 


IffcKniA/ 


Ship  «r  Protect 


PrtNTN 


F'KTf] 


It 


h*Ot*&^L£f Z 


A*  J//I6  0*t ftJF  wf  /  7 'PC  /At 


Dais  -?/2. 


5>*/p 

Class  *  < 

Oat/i 

S>oofzc~£  l  _ 

Ship 

CHAfMc  re* is  r/cs 

ZOP£.Ll€/Z  CM/t£MC. T/rfZ. /  2  7/C  J 


2?0<? 


&L#Des  -  _ 

£XP  A./p.A.  * 

£yp*Ht)ED  AZfx) 

Devecopeo  /tee* 
Po*T.  A'd/c  j  , 

pKOS^crpo  Asftt 

*  P>'oP£LL££$ 


stfp  I  f*>4xp|  £xp 


rcc. 


Subj«<t  rj  Uj 

Ski#  0t  PtcilO 


Pf'i' rJitbLC  r /i_lga.  ~t*T/QA 

r  fip.-r-ttC'/  T GM/flA - (aZeLZ. 

Pmirjj  by  £Cf  0«l«  3^ 


Chtckod 


Raviawtd 


SHIP-  -  - 

C*tcv<-*r,o*s  Fofi.  M/;y.  SFE£D  *;»£££  Cc  tzC^/srn^r 


(4  "  ().  $<r  \Zlwl1  ~  fz%^  &*-. 


£r  *  *  zfjr*r  C4T  9  **') 


a  *r. 


\4  *  A  637  -  usn- 


*,  * 

S 

4Cc  - 


v> 


=  *73<  ,«• 

;.27 v  *,o-* 


f.bH  xro~ 

0.1  1  * /o’* 


£  sctioedtfz/LZ.  Coeff-') 


-  l.isi  *!* 


R*  -  ^.r  S*  K  u  C*- 

*  'A  C  t.??Of')  C 

~  2.09  S'  2. 

^  ^  "  ^.c  =  7*73 

r  „  _  _ £  Z£ZI _ 2  - _ _ 

*  ~  /dfC  V7^r  2(^.s-»0 


^£/J.  <2.357 


=  0.  £57? 


Cod  STUNT  pot.  SHIP  3F££FS 

Less  TdxlA/  9  KT. 


...  .’. .’.  •’.  ,  •WV  - 


BARGE  RESISTANCE  DATA 


Special  Note:  The  following  pages  are  stamped  restricted  but  this 
classification  was  canceled  by  authorization  of  the  Ad  Hoc  Committee 
Action  November  27,  1953  and  signed  by  8.C.  Taylor,  security  officer. 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


C 


DESCRIPTION 


1  SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Ay 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW,ND 


WINO  VELOCITY  COMPONENT  V-  -  (tj)  + 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  (j)  x  (V) 

10 

HYDROOYNAM 1 C  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K1  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  X  (jo)  xl.1l) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

\k 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;13)x®x  © 

15 

HULL  RESISTANCE  -  (10>  x  (Y)  -  (l ]*) 

16  * 

SEA  STATE  RESISTANCE  *  R^  »  (12)  -  (J5)-@ 

17 

TOTAL  TOW  RESISTANCE  -  RT  -  (£)  +  (12) 

POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNOS 


0  __ 


Ull? 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DATE 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VyiN() 


WIND  VELOCITY  COMPONENT  Vf  -  ©  +  IC6J  X  COS  (5 


WIND  PRESSURE  P,  (SEE  GRAPH  1) 

WIND  RESISTANCE,  Ry  -  (j)  X  (fO 

HYDRODYNAMIC  UNIT  RESISTANCE 

rH  (SEE  GRAPH  2) 

SEA  STATE  CORRECTION  FACTOR  K, 

(SEE  TABLE  8) 

HYDRODYNAMIC  RESISTANCE 

rh  - 

(2)  x  (10)  xl.1l) 

TOTAL  PROJECTED  AREA  OF 

PROPELLERS,  Ap 

PROPELLER  RESISTANCE  - 

RP  " 

3.394  x  ;  1 3)  x©x  (jT) 

HULL  RESISTANCE  -  (10) 

X© 

-  © 

'  SEA  STATE  RESISTANCE  - 

s  - 

(12)  -  (15  ) -(g) 

TOTAL  TOW  RESISTANCE  - 

RT  " 

(S>  +  (12) 

UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNOS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP: 


DESCRIPTION 


1  SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  AT 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW|NQ 


WIND  VELOCITY  COMPONENT  V 


x  COS  (5 


8 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  (3)  x  (8,) 

10 

HYORODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  R^  -  (2)  X  (lOJ  x  11  1) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;l3)x@x  © 

15 

HULL  RESISTANCE  -  (JO)  x  (z)  -  (j4) 

16  ' 

SEA  STATE  RESISTANCE  -  R^  -  til)  -  (1 5)  -  © 

17 

TOTAL  TOW  RESISTANCE  -  RT  -  ©  +  (12) 

UNITS 


Cfi  >J7 


LONG  TONS  Z/W 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


701 


HllVf 


DESCRIPTION 


SHIP  CLASS  (AE.  CVA,  ETC.) _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECT  1 014  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  VT  -  ©  + [(6 


8 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9 

WIND  RESISTANCE,  Ry  -  Q)  x  (s) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  «  ©  x  (1*0)  X  (1 1) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;l3)x®x  © 

15 

HULL  RESISTANCE  -  (10>  x  ©  '  © 

16  ' 

SEA  STATE  RESISTANCE  -  R^  »  (.12)  -  (15)-® 

17 

TOTAL  TOW  RESISTANCE  -  R-  »  (3)  +  (12) 

UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


I  SHIP  CLASS  (A£,  CVA,  ETC.) _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  AT 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  8 


6  TRUE  WIND  VELOCITY,  VUIMf. 


WIND  VELOCITY  COMPONENT  V,  -  @  +  IRj  x  CO.S  (5 


WIND  PRESSURE  P,  (SEE  GRAPH  1) 

WIND  RESISTANCE,  Ry  -  (j)  x  (8) 

HYDRODYNAMIC  UNIT  RESISTANCE 

rH  (SEE  GRAPH  2) 

SEA  STATE  CORRECTION  FACTOR  K, 

(SEE  TABLE  8) 

HYDRODYNAMIC  RESISTANCE 

RH  " 

(2)  x  (JO)  xl.1l) 

TOTAL  PROJECTED  AREA  OF 

PROPELLERS,  Ap 

PROPELLER  RESISTANCE  * 

Rp  - 

3.394  x  ;1 3)  x (T)  x  (J) 

HULL  RESISTANCE  «  (10) 

x  Cl) 

-  @ 

'  SEA  STATE  RESISTANCE  = 

R  » 

s 

U2)  -  (1.5)-© 

total  TOW  RESISTANCE  » 

rt  - 

(9)  +  (12) 

LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


0 


Z1S 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


1  SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Ay 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  3 


6  TRUE  WIND  VELOCITY,  VW,ND 


WIND  VELOCITY  COMPONENT  VT  «  ©  + 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9 

WIND  resistance,  rw  -  ©  X  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (10)  x (.11) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x  ;1~3)  x  ©  x  © 

15 

HULL  RESISTANCE  -  \j"o>  x  @  -  Qj*) 

16  * 

SEA  STATE  RESISTANCE  =  R^  *  (12)  -  (IS)-© 

17 

TOTAL  TOW  RESISTANCE  -  R,  *  ©  +  (12) 

LONG  TONS 


SQ.  FT.  HSO0 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


2 


2 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Ay 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VU!Mf. 


VELOCITY  COMPONENT  Vy  -  (V)  +1(6)  x  COS  (5 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9 

WIND  RESISTANCE,  Ry  -  (jf)  x  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  R^  -  (V)  x  (10)  x  <1 1) 

13 

TOTAL  PROJECTED  £REA  OF  PROPELLERS,  Ap 

11* 

PROPELLER  RESISTANCE  =  Rp  -  3-394  x  ;13)  x  ©  x  © 

15 

HULL  RESISTANCE  -  (fo)  x  @  -  (Hi) 

16  ' 

SEA  STATE  RESISTANCE  «  R?  -  (.12)  -  (15)-© 

UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


CA  n 


"0.  o  I 


O 


17  total  tow  resistance 


&  +  (12) 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


SHIP  CUSS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rs  ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V- 


11  REUTIVE  WIND  DIRECTION,  o 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (see  FIG.  17) 


16.  HULL  RESISTANCE  ■  RH  =  ®  x  @  x  1 .25 


LONG  TONS 


SQ.  FEET 


SQ.  FEET  32*/ 


POUNDS 


17  PROPELLER  RESISTANCE  -  Rp  -  3-  737  x©  x  @  x  @ 


18  WINO  RESISTANCE  -  Rw  -  0.00506  x©x©x©x(jd)x@  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  rt  -  ©  +  (i_6)  +  (ij)  +  (18) 


POUNDS 


il 


ill 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A„  ,  (SEE  TABLE  7) 

P 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RES  I  STANCE  Rg,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  \IJQU 


RH/a  (see  fig.  17) 


16.  HULL  RESISTANCE  -  RH  -  ®  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x®  x  ©  x  ® 


WIND  RESISTANCE  -  Rw  -  0.00506  x®x®x@x@x© 


19  TOTAL  TOW  RESISTANCE  -  Rj  -  ©  +  (l_6)  +  ©  +  Q8) 


SQ.  FEET 


KNOTS 


DEGREES 


POUNDS 


1 0)  POUNDS 


POUNOS 


Zf.  5* 


i  nu  U-  -  w 


CALCULATION  OF  TOWING  RESISTANCE 


SQ.  FEET 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINOAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RES  I  STANCE  Rg,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  F|G-  17) 


16.  HULL  RESISTANCE  -  RH  -  (l|)  x  @  x  1 .25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-  737  x©  x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x@x@x@x®  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  Rj  -  Qj)  +  (j_6)  +  ©  +  (18) 


POUNDS 


[t 


,1 


M 


LONG  TONS 


1  SHIP  CUSS  (AE,  CVA,  ETC.) 


TOW  DISPUCEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7)  . 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R? ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rg,  (SEE  FIG.  16) 


\k  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  FIG.  17) 


16-  HULL  RESISTANCE  -  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x(J)  x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x(?)x@x©x@  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  ©+©  +  ©+© 


POUNDS 


SQ.  FEET  I  tj$00 


POUNDS 


/Q975Z 


«  nw  b* 


■'y-vi 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CUSS  (AE,  CVA,  ETC.) 


2  TOW  01 SPUCEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  17) 


16.  HULL  RESISTANCE  «  RH  -  @  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  @  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x0x(3)x@x(lfl)x(l| 


19  TOTAL  TOW  RESISTANCE  -  rt  -  (y)  +  (j_6)  +  (17)  +  (18) 


SO.  FEET  | 


O,  10 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


10170 


SHIP  CLASS  (AE,  CVA,  ETC.)  . _ 


TOW  DISPLACEMENT, A  (SEE  TABLE-7)  _ 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rs ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  l6) 


H*  SELECT  A  TOW  SPEED,  VJ0W 


15  Rh/a  (SEE  FIG.  17) 


POUNDS 


POUNDS 


16.  HULL  RESISTANCE  -  RH  -  @  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x@x@x  ©)  x  ©  POUNDS 


19  TOTAL  TOW  RESISTANCE  •  Ry  *  ©  +  ©  +  Qj)  +  (|8) 


0170 


POUNDS 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R,. ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  1 3“ 1 5) 


13  SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  RH/a  <see  f,g-  17) 


16.  HULL  RESISTANCE  *  RH  -  ©  x  ©  x  1.25 


17  '  PROPELLER  RESISTANCE  -  Rp  -’3-737  x(f)x  ©  x  @ 


18  WIND  RESISTANCE  -  R  •  0.00506  x@x©x@x  ©  x  (lfi 


19  TOTAL  TOW  RESISTANCE  -  rt  -  (13)  +  (i6)  +  (17)  +  (J8) 


LONG  TONS 


SQ.  FEET 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


-  (> 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  LST  -//7?  TANK.  L^O/^6  SHIP  DAT6t  4, A? Zz£ 

BY:  Jg  Cr 


ITEM 

NO. 

DESCRIPTION 

UN  1 TS 

II 

SHIP  CLASS  (AE.  CVA,  ETC.) 

LST-H71 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 

LONG  TONS 

nsi 

3 

FRONTAL  WINDAGE  AREA,  At 

SQ.  FT. 

Y 

zno 

D 

TOW  SPEED,  VT0W 

KNOTS 

)0 

5 

DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 

DEGREES 

0  .  . 

6 

TRUE  WIND  VELOCITY,  VW|N0 

KNOTS 

7 

WIND  VELOCITY  COMPONENT  VT  -  (£)  +  ^£)  x  COS  ©] 

KNOTS 

3 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

LBS/SQ.FT 

M| 

9 

WIND  RESISTANCE.  Ry  -  (3)  x  (8) 

POUNDS 

/I  70 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

— 

mm 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

-- 

BHB 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (10)  x  (.11) 

POUNDS 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SQ.  FT. 

lit 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x  113)  x  ©  x  @ 

POUNDS 

15 

HULL  RESISTANCE  «  ©  x  (l)  -  © 

POUNDS 

mm 

16 : 

SEA  STATE  RESISTANCE  ■  R^  ■  (.12)  -  (15)-© 

POUNDS 

0 

17 

TOTAL  TOW  RESISTANCE  -  Rt  *  (s)  +  (12) 

POUNDS 

?  pZOHVIL  Aie*  fJOT  fiVHILtKILE  SO  ASSOMLO  TO  GE  3*M£ 


*s  LST  >IZ6 


CALCULATION  OF  TOW  RESISTANCE  BY  f’ETHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


ship*.  LZT  U2£z  2BHJL  I 'HtP  SflXS;  i/l2/2£ 

BY:  *CS 


ITEM 

NO. 

DESCRIPTION 

UNITS 

m 

HI 

SHIP  CLASS  (AE,  CVA,  ETC.) 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 

LONG  TONS 

mm 

3 

FRONTAL  WINDAGE  AREA,  At 

SQ.  FT. 

mm 

n 

TOW  SPEED,  VT0W 

KNOTS 

5 

DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 

DEGREES 

0 

6 

TRUE  WIND  VELOCITY,  Vy|N0 

KNOTS 

B 

WIND  VELOCITY  COMPONENT  VT  -  (£)  +  x  COS  (s)J 

KNOTS 

mm 

8 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

LBS/SQ.FT 

_ LI _ 

9 

WIND  RESISTANCE,  Ry  -  (3)  x  (8) 

POUNDS 

HH 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

— 

3 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

— 

hi.  - 

12 

HYURQOYUAMIC  RESISTANCE  RR  -  (2)  x  (10)  xl.11) 

POUNDS 

7  3  Sit 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SQ.  FT. 

PROPELLER  RESISTANCE  =  Rp  =  3.394  x  A})  x®  x  ® 

POUNDS 

15 

HULL  RESISTANCE  *  (IO)  x  (Y)  -  ® 

POUNDS 

wots 

16 

SEA  STATE  RESISTANCE  =  R^  *  (12)  -  (.IS)-® 

POUNDS 

nozf 

17 

TOTAL  TOW  RESISTANCE  =  Ry  =  ®  +  (12) 

POUNDS 

7  3  US 

CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  LST 


BY:  fcCS 


DESCRIPTION 


UNITS 


1  SHIP  CLASS  (AE,  CVA,  ETC.) _ ^ _ 

2  TOW  DISPLACEMENT,  A  (SCE  TABLE  7) _ 

3  FRONTAL  WINDAGE  AREA,  Aj _ 

1*  TOW  SPEED,  VT0W _ 

5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 

6  TRUE  WIND  VELOCITY,  VW|NQ 

7  WIND  VELOCITY  COMPONENT  VT  -  (k)  +  (6)  x  COS  (5 
3  WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9  WIND  RESISTANCE,  Ry  -  (3)  x  (8) 

10  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11  SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12  HYDRODYNAMIC  RESISTANCE  R^  «  (2)  x  (JOJ  x  11  1) 

13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A„ 


LST-il  7‘ 


14  PROPELLER  RESISTANCE 


15  HULL  RESISTANCE  «  (I0)  x  (l)  -  (|4) 

16  SEA  STATE  RESISTANCE  »  R^  »  (12)  -  (15)-(Q 

17  TOTAL  TOW  RESISTANCE  *  RT  *  +  (12) 


LONG  TONS 
SQ.  FT. 
KNOTS 
DEGREES 
KNOTS 


KNOTS 


POUNDS 


POUNDS 


SQ.  FT. 


3.394  x  (1 3)  x  (4)  x  (4)  POUNDS 


POUNDS 


POUNDS 


POUNDS 


Hl.lZ 


lbs/sq.ft)  lt0 


31*0 


Holt 


_  wr  mjw  nts i STANCE  BY  1‘ETHOD  USED  IN  U.S.  NAVY  TOILING  MANUAL 


SHIP:  1ST  till _ _  CATE; 

CV:  £cs 


item 

NO. 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA.  ETC.) 

lst-  mn 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 

LONG  TONS 

BVU  _ 

3 

FRONTAL  WINDAGE  AREA,  AT 

SQ.  FT. 

3  W 

I* 

TOW  SPEED,  VT0W 

KNOTS 

5 

DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 

DEGREES 

176.1*1 

6 

TRUE  WIND  VELOCITY,  VW|ND 

KNOTS 

)l.s 

7 

WIND  VELOCITY  COMPONENT  V?  -  ©  +  [(6)  x  COS  ©] 

KNOTS 

0 

3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

LBS/SQ.FT 

0 

9 

WIND  RESISTANCE,  Ry  -  (3)  x  (8) 

POUNDS 

0 

10 

HYDROOYNAM 1C  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

— 

6.3 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

— 

M 

12 

HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (10)  x  111) 

POUNDS 

7  ir76 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SQ.  FT. 

Joi.  H 

111 

PROPELLER  RESISTANCE  *  Rp  -  3.394  x  ;i3)x@x  © 

POUNDS 

zwo 

»5 

HULL  RESISTANCE  =  \jb)  x  (l)  -  © 

POUNDS 

16 

SEA  STATE  RESISTANCE  -  Re  »  (12)  -  (15)-© 

POUNDS 

21CZ  ! 

17 

TOTAL  TOW  RESISTANCE  -  RT  -  ©  +  (12) 

POUNDS 

71S76 

CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  LST  H71  DAT$;  L/^/jA - 

BY:  /ICS 

ITEM 

NO. 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA,  ETC.) 

tsr-i/71 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 

LONG  TONS 

HZ. 

3 

FRONTAL  WINDAGE  AREA,  Aj 

SQ.  FT. 

wo  . 

i. 

TOW  SPEED,  VT0W 

KNOTS 

C  -  - 

S 

DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 

DEGREES 

n 

6 

TRUE  WIND  VELOCITY,  VW)N[) 

KNOTS 

ZH.S 

7 

WINO  VELOCITY  COMPONENT  VT  *  ©  +  [©)  x  COS  (jf)J 

KNOTS 

?f.S* 

G 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

LBS/SQ.FT 

2.r 

9 

WINO  RESISTANCE,  Ry  -  (3)  X  (.8) 

POUNDS 

..98  so 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

— 

1.5* 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

-- 

JA  ..  ... 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  X  (1*0)  x  (.11) 

POUNDS 

333  63 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SQ.  FT. 

IQb.  /V 

PROPELLER  RESISTANCE  =  Rp  =  3-394  x  ;1*3)  x  ©  x  © 

POUNDS 

9/7(> 

15 

HULL  RESISTANCE  *  Cl  O’!  x  (2)  -  © 

POUNDS 

IU  71 

16 

SEA  STATE  RESISTANCE  *  R^  *  (12)  -  (.15)-© 

POUNDS 

IZS’l 

17 

TOTAL  TOW  RESISTANCE  -  Ry  =  (3)  +  (12) 

POUNDS 

HlL/8 

CALCULATION  of  tow  resistance  by  method  used  in  u.s.  navy  towing  manual 


SHIP  CLASS  (A£ ,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW(N0 


7  WIND  VELOCITY  COMPONENT  VT  •  ©  +  [©  x  COS  (5 


8  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (3)  x  (8) 


10  1  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


II  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE. 8) 


2  HYDRODYNAMIC  RESISTANCE  R^  »  (2)  x  QOJ  x(.ll) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


PROPELLER  RESISTANCE  =  R  *  3.394  x  ;13)  x  ©  x  © 


15  HULL  RESISTANCE  ■  (IO)  x  (2)  -  (P*) 


16  SEA  STATE  RESISTANCE  =  Rc  *  <iz)  -  (1 5) -64) 


17  TOTAL  TOW  RESISTANCE 


;9  !  +  (12) 


LONG  TONS 


KNOTS 


LBS/SQ.FT 


W.S" 


Z1.  3 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


3  3J66 


POUNDS  I  LHiy$ 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  LST  H7\ 

7  DATE:  2/2? 

BY:  £CS 

DESCRIPTION 


1  SHIP  CLASS  (AE,  -CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|NQ 


WIND  VELOCITY  COMPONENT  VT  *  ©  +  x  COS  ©] 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  *  (3)  x  (8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RR  -  (2)  x  (10>  x  111) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A 


PROPELLER  RESISTANCE  =  Rp  -  3-394  x  ;13)  x  ©  x  © 


15  HULL  RESISTANCE  »  (IQ)  x  (l)  -  © 


16  :  SEA  STATE  RESISTANCE  =  «  (12)  -  (15).© 


17  TOTAL  TOW  RESISTANCE  =  R.  =  ©  +  (12) 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


i. 


Itsu 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V_ 

K 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13*15) 


13  SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJ0W 


15  Rh/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  =  RH  -  @x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  *  3-  737  *  ©  x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x@x0x(l2)x  (ifi)  x  (jfl)  POUNDS 


19  total  tow  resistance  -  rt  -  Qj)  +  (j6)  +  (ij)  +  (£8) 


LONG  - TONS  S3V2 


POUNDS 


13% 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WIND)  -  (SEE  TA8LE-8) 


10  RELATIVE  WIND  SPEED,  V_ 

!\ 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJow 


15  RH/a  (SEE  FIG.  17) 


6  HULL  RESISTANCE  «  RH  -  @  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3*737  x(J)  x  @  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x(J)x©x©x© 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  ©  +  (16)  +  ©+© 


LONG.  TONS 


SQ.  FEET 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


m 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  /.?r^7/7f _  DATE: — ZJiZ/2L 

BY:  t?£.C 


ITEM 

NO. 

0 

DESCRIPTION 

UNITS 

■j 

B 

SHIP  CUSS  (AE,  CVA,  ETC.) 

2 

TOW  DISPUCEMENT,  A  (SEE  TABLE-7) 

LONG. TONS 

mem 

3 

FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 

SQ.  FEET 

mm 

D 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 

SQ.  FEET 

11111 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

IB 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

wo 

3 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg  ,  (SEE  TABLE  7) 

— 

f 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

H 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

n.8z 

11 

REUTIVE  WIND  DIRECTION,  a 

DEGREES 

30 

12 

HEADING  COEFFICIENT  K,.  (SEE  FIG.  13-15) 

— 

l.io 

13 

SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 

— 

ncH? 

14 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

8 

15 

RH/a  (SEE  FIG.  17) 

— 

zl.K 

16 

HULL  RESISTANCE  -  RH  -  ®  x©x  1.25 

POUNDS 

Z7O0L 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  @  x  © 

POUNDS 

&86Y 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x®  x@  x  @x  @  x  (lO) 

POUNDS 

19 

TOTAL  TOW  RESISTANCE  -  Ry  -  (]j)  +  Q6)  +  (jj)  +  (£8) 

POUNDS 

S12ZL 

i  nw  w*. 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CUSS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINOAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  J6) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  RH/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  -  RH  -  ©  x  ©  x  1 . 25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  ©  x  @ 


18  WIND  RESISTANCE  -  -  0.00506  *  ©  x  (J)  x  @  x  ©  x  ©  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  ©+©  +  ©+(18) 


POUNDS 


DEGREES 


POUNDS 


/0.8  7 


Jo 


TABLE  -  6 

CALCULATION  OF  TOWING  RESISTANCE 


LONG  TONS 


SHIP  CLASS  (AE,  CVA,  ETC.). 


TOW  DISPLACEMENT, A  (SEE  TABLE-7) 


FRONTAL  WINOAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WINO  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


RELATIVE  WIND  SPEED,  V. 
_  R 


RELATIVE  WIND  DIRECTION,  a 


HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


SEA  STATE  RES  I  STANCE  R  (SEE  FIG.  J6) 


SELECT  A  TOW  SPEED,  VTQW 


RH/a  (SEE  FIG.  17) 


HULL  RESISTANCE  -  RH  *  ©  *  ©  *  1  -25 


PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  ©  x  @ 


WIND  RESISTANCE  ■  Rw  ■  0.00506  x©x©x(l|)x  ©  x  ©  POUNDS 


TOTAL  TOW  RESISTANCE  -  R?  •  ©+©  +  @+(1 8) 


POUNDS 


POUNDS 


POUNDS 


/ 0101 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


'3  FRONTAL  WINDAGE  AREA,  At  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rg,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJ0W 


15  Rh/a  <see  >7) 


16;  HULL  RESISTANCE  »  RH  -  @  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x@x@x@x© 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  ©+©  +  ©+© 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CUSS  (AE,  CVA,  ETC.)  ■ _ _ 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7)  _ 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) _ 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  l6) 


14  SELECT  A  TOW  SPEED,  VT0W 


15  Rh/a  <SEE  F,G*  17> 


16  .  HULL  RESISTANCE  »  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  ©  x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x@x(j)x(J2)x  @  x  (l« 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  QJ)  +  (j6)  +  Qj) +  (Jj) 


SO.  FEET 


SQ.  FEET 


KNOTS 


DEGREES 


KNOTS 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


i; 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETCj _ ^ _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  ' _ 


3  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|NQ 


WIND  VELOCITY  COMPONENT  VT  -  (jj)  +  [(6j  x  COS  {5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (3)  X  (.8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
I  n . 


II  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (joi  X  t.lV) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


IA  PROPELLER  RESISTANCE  *  Rp  -  3.394  x;13)x®x  @ 


15  HULL  RESISTANCE  -  (lO)  x  (2)  -  ([it) 


16  :  SEA  STATE  RESISTANCE  -  R  -  (12)  -  (15J-(U 


UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


17  TOTAL  TOW  RESISTANCE 


Rr  =  +  (,2> 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNOS 


133.6 


DeSTWEi.  C  (/£</£ 


or  /iETHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


1  SHIP  CLASS  (A£,  CVA,  ETC.) 


2  TOW  DISPLACEMENT.  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  8 


6  TRUE  WIND  VELOCITY,  VW|NQ 


WIND  VELOCITY  COMPONENT  Vy  -  (7)  + 


UNITS 


WIND  PRESSURE  P,  (SEE  GRAPH  1) 

WIND  RESISTANCE,  Ry  -  ( 

3)  X  (8) 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

.  .  -  n . 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

HYDRODYNAMIC  RESISTANCE 

rh  -  (2)  x  (J  01  xl.n) 

TOTAL  PROJECTED  AREA  OF 

PROPELLERS,  Ap 

PROPELLER  RESISTANCE  - 

Rp  ■  3-394  x  ;13)  x  (7)  x  (7) 

HULL  RESISTANCE  »  (lO) 

x  (V)  -  © 

.'  SEA  STATE  RESISTANCE  * 

R,.  -  (12)  -  (15)-© 

LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


0 


13. S 


zi.  5“ 


ll.T 


1.H 


M  TOTAL  TOW  RESISTANCE  *  RT  -  <'$)  +  (12) 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  Vy,N0 


WIND  VELOCITY  COMPONENT  VT  «  (£)  +  (6)  x  COS  (5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  l) 


9  WIND  RESISTANCE,  Ry  -  (j)  X  (8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
!  n , 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  -  (z)  x  (10)  xUl) 


13  TOTAL  PROJECTED  £REA  OF  PROPELLERS-,  Ap 


14  PROPELLER  RESISTANCE  -  Rp  -  3.394  x;13)x@x  @ 


15  HULL  RESISTANCE  -  yfol  x  (Y)  -  (i_4) 


16  SEA  STATE  RESISTANCE  »  R  -  (12)  -  (.I5J-Q4) 


17  TOTAL  TOW  RESISTANCE  -  RT  -  (jgTi  +  (.12! 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


/<? 


CALCULATION  OF  TOW  RESISTANCE  8Y  ‘lETHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _ 


3  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW1NQ 


WIND  VELOCITY  COMPONENT  V-  •  ©  +  |(6J  x  COS  (5 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  (3,')  x  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

n. 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (1*0)  x  1.1 1) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  *  3.394  x  ;)3)x©x  © 

15 

HULL  RESISTANCE  *  (JO)  x  (z)  -  © 

16  : 

SEA  STATE  RESISTANCE  *  R^  »  (.12)  -  (15)-© 

17 

TOTAL  TOW  RESISTANCE  -  Ry  -  ©  +  (12) 

UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  f'ETHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


WIND  VELOCITY  COMPONENT  VT  -  (£)  +  K6j  x  COS  ^5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9  WIND  RESISTANCE,  Ry  -  (3j  x  (8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
_ 1 _  _  n . 


11  SEA  STATE  CORRECTION  FACTOR  K  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  (2)x  (10)  x(ll) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


1^  PROPELLER  RESISTANCE  -  Rp  -  3-394  x  11*3)  x  ©  x  © 


15  HULL  RESISTANCE  -  (lO'l  x  ( 2 )  -  © 


16  :  SEA  STATE  RESISTANCE  *  R  *  (12)  -  05)-© 


17  TOTAL  TOW  RESISTANCE  =  R,  =  +  (12) 


KNOTS 


LBS/SQ.FT 


SQ.  FT. 


POUNOS 


POUNDS 


POUNDS 


POUNDS 


l°?3? 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP: 

a/ -zc 

0/ 

BJ 

x  COS  15 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW,NQ 


7  I  WIND  VELOCITY  COMPONENT  V 


3  WIND  PRESSURE  P,  (SEE  GRAPH  0 


9  WIND  RESISTANCE,  Ry  -  (3)  x  (8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

_  I  n . 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (101  x *1*1) 


13  TOTAL  PROJECTED  /\REA  OF  PROPELLERS,  Ap 


I'*  i  PROPELLER  RESISTANCE  »  Rp  »  3-394  x  ;I3)  x  ©  x  © 


IS  I  HULL  RESISTANCE  -  (lb)  x  ©  -  © 


16  :  SEA  STATE  RESISTANCE  -  R  -  (12)  -  (15)-© 


17  TOTAL  TOW  RESISTANCE  *  RT  -  ©  +  (12) 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNOS 


?<r.S 


2 


zi. 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


-Z38.6 


zinn 


•V  . 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW(NQ 


WIND  VELOCITY  COMPONENT  VT  =  (J)  + 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9 

WIND  RESISTANCE,  Ry  -  (jf)  x  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  R^  *  (2)  x  (10)  x  111) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

1A 

PROPELLER  RESISTANCE  *  Rp  -  3.394  x  ;,13)x®x  © 

15 

HULL  RESISTANCE  =  (!*0)  x  (Y)  -  (Ta) 

16 : 

SEA  STATE  RESISTANCE  »  *  (.12)  -  (15)-@ 

17 

TOTAL  TOW  RESISTANCE  -  Ry  -  ®  +  (12) 

LONG  TONS  8  5*3  3 


SO-  FT.  ‘fO 


KNOTS 


DEGREES 


KNOTS 


KNOTS  ,0.0 


O 


POUNDS 


I  MO  LC  "  O 


•v 


i 


fe*  ‘ 


*; 


ft 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP: 

/-  DATF- _ iZl./ZL - 

BY:  £CT _ 

ITEM 

NO. 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA,  ETC.) 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG. TONS 

3 

FRONTAL  WINOAGE  AREA,  At  ,  (SEE  TABLE  7) 

SQ.  FEET 

Zo*/# 

4 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

n.  70 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

238. 6 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  rH/a  ,  (SEE  TABLE  7) 

— 

r 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

■  — 

3 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

J 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

O 

10 

RELATIVE  WIND  SPEED,  V_ 

R 

KNOTS 

iO 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

o 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

1.0 

13 

SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 

— 

— - - 

o 

14 

SELECT  A  TOW  SPEED,  \IJQU 

KNOTS 

iO 

15 

RH/a  (SEE  FIG.  17) 

— 

v.  7<r 

16  . 

HULL  RESISTANCE  *  RH  ’  ©  x©x  1.25 

POUNDS 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (?)  x  ©  x  © 

POUNDS 

zva? 

18 

WIND  RESISTANCE  -  Rw  «  0.00506  x®  x  (id)  x  @ 

POUNDS 

1011 

19 

TOTAL  TOW  RES  1  STANCE  -  «T  -  Qj)  +  (j_6)  +  (jj)  +  Q8) 

POUNDS 

mm. 

£ 


i \  • 


i] 


W 


1  SHIP  CLASS  (AE,  CVA,  ETC.).  ■ _ 


TOW  DISPLACEMENT,  A  {SEE  TABLE-7)  _ _ 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7)  _ 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  T£BLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJ0W 


15  Rh/a  (see  FIG.  17) 


16-  HULL  RESISTANCE  -  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  @  x  @ 


WINO  RESISTANCE  -  Rw  -  0.00506  x  ©  x  (|)  x  @  x  QO)  x 


9  TOTAL  TOW  RESISTANCE  -  R?  -  (l_3)  +  ©  +  (jj)  +  ^ 


LONG. TONS 


POUNDS 


POUNDS 


.10)  POUNDS 


POUNDS 


inOL-  ”  u 


I 


CALCULATION  OF  TOWING  RES  I STAJ4CE 


SHIP  CUSS  (AE,  CVA,  ETC.). 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  <see  f'G-  17) 


16.  HULL  RESISTANCE  =  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x  ©  x  @  x  @ 


WIND  RESISTANCE  -  Rw  -  0.00506  x®x@x  @  x  (§)  x  (l 


TOTAL  TOW  RES  I  STANCE  -  Ry  -  QjD  +  (j_6)  +  (l_7)  +  (18) 


LONG  TONS 


19 


POUNOS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP: 

DATF » _  3///?& - 

8*=  PCS _ 

ITEM 

NO. 

« 

0 

DESCRIPTION 

UNITS 

n 

SHIP  CLASS  (AE,  CVA,  ETC.) 

C&//-2S- 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG. TONS 

mm 

3 

FRONTAL  Wl NOAGE  AREA,  Ay,  (SEE  TABLE  7) 

SQ.  FEET 

WSM 

D 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

mm 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

S' 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 

— 

3 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg  ,  (SEE  TABLE  7) 

— 

3 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

/a.  8  7 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

o.</& 

13 

SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 

— 

14 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

A 

15 

RH/a  (SEE  FIG.  17) 

— 

1.01 

16  . 

HULL  RESISTANCE  -  RH  -  @  x@x  1.25 

POUNDS 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  (g)  x  (g) 

POUNDS 

slots 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x©x(j)x@x@x(g) 

POUNDS 

Lll 

19 

TOTAL  TOW  RESISTANCE  -  Ry  «  (g)  +  (i_6)  +  (g)  +  Q8) 

POUNDS 

mu 

.v.v.’. 


iltriUiiUuil 


SHIP  CUSS  (AE,  CVA,  ETC.). 


2  TOW  OISPUCEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


5  TOTAL^ PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


7  CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUM8ER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V. 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  (SEE  FIG.  ]6) 


I**  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  FIG-  >7) 


16  HULL  RESISTANCE  -  RH  -  ©  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x  (?)  *  ©  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x@x@x©x© 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  ©  +  (l£)  +  (jj)  Q8) 


LONG . TONS 


SQ.  FEET  "ZoHO 


POUNOS 


POUNDS 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.), 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


RELATIVE  WIND  SPEED,  V 


RELATIVE  WIND  DIRECTION,  a 


HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  16) 


SELECT  A  TOW  SPEED,  VTQW 


RH/a  (SEE  FIG.  17) 


HULL  RESISTANCE  -  *H  *  ©  A  ©  x  1 . 25 


PROPELLER  RESISTANCE  -  Rp  .  3-737  x©x  ©  x  © 


WIND  RESISTANCE  -  Rw  -  0.00506  x  ©  x  ©  x  ©x  ©  x  © 


TOTAL  TOW  RESISTANCE  -  Ry  -  ©  +  ©  +  ©+© 


LONG  TONS 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


LONG  TONS 


SQ.  FEET 


1  SHIP  CLASS  (AE,  CVA,  ETC.} _ • _ 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINOAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS ,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TA8LE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rg,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  «h/a  <$EE  FIG-  17) 


16  HULL  RESISTANCE  =  R„  -  ©  x  ©  x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (?)  x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  »  0.00506  x©x©x@x  ©  x©  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  R^  -  ©  +  ©  +  ©+© 


POUNDS 
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RESTRICTED 


SCOPE 


To  examine  hall  forms  of  Transportation  Corps  equipment 
with  a  view  toward  improvement;  to  evaluate  hall  forns,  by 
model  tests  and  operating  experience,  for  operating  conditions 
of  existing  standard  TC  floating  equipment ,  and  of  items 
selected  for  future  use;  to  explore  simplified  hall  foras  in 
order  to  combine  good  performance  with  ease  of  production. 

S  i 


DISCUSS ICE 


'  Thb  development  of  barge  hull  forms  to  their  present 
stage  runs  parallel  with  the  development  of  marine  operations. 
JEhs  Transportation  Corps  procured  a  large  number  of  tugs, 
barges,  and  supply  vessels  during  World  War  II.  Many  of 
these  hulls,  produced  under  the  stress  of  wartime  conditions, 
lacked  the  benefit  of  model  testing  and  refinement  of  boll 
design.1  The  hall-forms  project  was  initiated  to  determine 
which  of  these  forms  were  satisfactory  as  designed,  and  what 
Improvements  could  be  Blade  to  the  poorer  foras  to  meet  oper¬ 
ating  requirements  annex  I.-A. 

i 

Eight  existing  TC  barge  foras  were  selected  for  model 
•tests  to  determine  their  resistance  and  yaw  characteristics.. 
Two  new  forms  designated  EZ  10  and  BX  11  were  designed  and 
tested  to  replace  forms  of  the  original  designs  which  were 
.unsatisfactory.  *  Additional  data  for  comparative  purposes 
were  obtained  from  existing  TC  Board  designs  7002  and  7003 
(annex  I.-B) . 

The  12  model  tests  covered  by  this  report  were  conducted 
in  two  model-testing  basins,  one  located  at  University  of 
Michigan  and  the  other  at  the  Stevens  Institute  of  Technology 
(annex  I.-O). 

Model  testing  and  expansion  of  model  results  in  this 
report  are  in  conformance  with  the  approved  standards  set 
forth  by  the  Society  of  JTaval  Architects  and  Marine  Engineers 
Hydromechanics  Subcommittee  (annexes  I.-D  and  I.-Z). 

A  comparative  analysis  indicates  that  TC  barge  designs 
range  from  the  best  to  the  poorest  encountered  in  commercial 
practice.  Generally,  those  barges  which  had  long  rakes  flow¬ 
ing  smoothly  into  the  parallel  middle  body  had  the  lowest 
relative  resistance, ratios,  (annex  I.-F). 
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It  is  aonr^adsd  thsti 

Of  the  barge  models  tested*  from  e  towing-resistenoe  stead- 
point*  the  following  designs  ere  unsatisfaotorys  267,  536  3*  417  S* 
430*  end  380.  The  following  designs  ere  ooasidered  satisfactory*  230* 
231  A*  7001*  7002,  7003*  BX  10>  end  BX  11. 


BSCQMUSSDiZZOHS 


It  is  reeoaneadsd  theti 

1.  Sesults  eonteined  in  this  study  be  edoptsd  es  e  guide  for  the 
development  of  berges  for  the  stenderd  TC  fleet. 

2.  Bergs  designs  267*  336  B*  417  S*  end  430  be  deelered  obsolete. 


3.  Berge  design  380  be  retained  in  its  present  olessifioetion  of 
limited  stenderd  until  present  stoeks  ere  exhausted. 
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Design*  of  military  barges  are  usually  restricted  to  some  extent, 
iriring  to  stipulated  dimensions  of  length,  beam,  and  draft,  therefore, 
attempts  to  lover  resistance  must  be  confined  to  proportioning  and 
shaping  the  rake  ends  (annex  I.-G). 

Comparison  of  performanee  of  barges  with  and  without  skegs  indi¬ 
cates  that  barges  equipped  with  properly  designed  skegs  eliminated  yaw 
and  increased  directional  stability  on  the  majority  of  models  tested 
(annexes  I.-H  and  I«-X), 
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ANNEX  I 

DETAILED  DISCUSS  I  Oil  AND  FINDINGS 

ANNEX  I. -A 


Background 

The  development  of  barge  hull  forms  to  their  present  stage  of 
design  runs  parallel  with  the  commercial  development  of  the  inland 
waterways  of  the  United  States. 

The  first  rafts  of  logs  poled  down  the  Mississippi  gave  way  to 
wooden  barges  lashed  to  steamboats  as  early  as  1332  (4)*,  and  by  the 
late  seventies*  fleets  of  barges  were  in  general  use..  With  the  devel¬ 
opment  of  the  iron  and  steel  industries  the  movement  of  coal  increased 
in  importance, and  flatboats,  which  had  been  too  cheap  to  warrant  return 
upstream,  gave  way  to  more  permanent  types  of  barges.  In  the  period 
between  1910  and  1920,  steel  was  introduced  as  a  hull  material,  but 
the  construction  methods  employed  produced  barges  which  could  carry 
only  a  limited  cargo,  owing  to  an  excess  of  internal  structure  (6). 

In  the  Rivers  and  Harbors  Act  of  1910,  Congress  authorised  the 
Secretary  of  War  to  design  and  construct  two  experimental  towboats, 
with  a  suitable  complement  of  barges,  for  towing  and  delivering  sup¬ 
plies  along  the  Mississippi  River  and  its  tributaries.  A  board  apf 
pointed  by  the  Chief  of  Engineers  made  a  thorough  study  of  all 
available  design  and  operating  information,  and  conducted  a  series 
of  model  and  full-scale  trials  of  towboats  and  barges.  The  resulting 
published  data  (3)  (9)  constituted  the  first  step  in  the  improvement 
of  barge  hull  forms  for  river  transportation. 

River  traffic  decreased  sharply  in  1914  and  1915.  In  1918,  a 
large  portion  of  the  river  tonnage  was  destroyed  or  carried  away  by 
ice  floes  whioh  filled  the  rivers.  But  in  the  early  twenties,  the 
Government  sponsored  programs  for  the  canalization  of  the  Ohio  River, 
and  established  the  Federal  Barge  Line.  These  advances  were  followed 
by  projects  for  the  improvement  of  the  Upper  Mississippi,  the  Missouri, 
the  Tennessee,  and  the  Illinois  Rivers.  Forerunners  of  the  modern 
common-carrier  barge  line  appeared,  and  the  improvements  discovered 
in  the  studies  of  1910  to  1915  were  put  to  use.  The  Corps  of  Engineers 
Towboat  Board  was  reorganized  in  1928,  and  a  complete  analysis  was 
made  of  the  latest  practioe  in  water  transportation  on  the  Mississippi 
and  its  tributaries  (z). 

•Hotel  Numbers  in  parentheses  refer  to  technical  references  listed  in 
appendix  7. 
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During  the  period  between  1930  and  World  War  II,  barge  operators 
":Iy,d  builders  began  to  utilize  model-testing  basins  for  the  improvement 
of  individual  barges  and  flotillas.  With  the  inerease  in  industrial 
activities  in  the  Gulf  states-,  the  movement  up  river  of  large  oargoes 
steadily  increased,  and  reduetions  in  barge  resistance  became  increas¬ 
ingly  important. 

Developments  on  the  inland  waterways  have  improved  no.t  only  the 
performanoe  of  river  barges,  but  oanal,  harbor,  and  seagoing  barges 
have  also  shown  the  effects  of  these  design  ohanges.  Barges  now  in 
existence  have  been  especially  designed  for  movement  of  a  large  variety 
of  oargoes.  Weatherproof  covered  barges,  tank  barges,  merchandise 
carriers,  automobile  carrier s,  and  many  other  types  are  operating 
oommeroially.  The  entire  inland  and  intracoastal  waterway  system, 
with  dependable  river  stages  and  effioient  towboats  and  barges,  is 
now  an  extremely  important  faotor  in  tbs.  nation's  transportation  system 
A  surrey  of  the  barge  forms  designed,  built,  and  operated  by  the 
Transportation  Corps  during  World  War  II  disolosed  the  fact  that  the 
design  of  military  craft  of  this  type  lagged  considerably  behind  the 
development  of  similar  commercial  equipment.  some  of  the  existing  TC 
barges  contained  construction  faa-cures  which  are  entirely  outdated, 
and  forms  whioh  have  been  oomnsroially  obsolete  for  a  decade. 
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AMEX.  I.-B 


Selection  of  barge  hulls  for  testing 

At  the  tioa  the  Transportation.  Carps  Board  barge-tasting  pro¬ 
gram  vas  initiated,  the  selection  of  hall  forms  proved  rather 
difficult*.  Fo  standard  TC  fleet  had  been  defined,  and  tha  choice 
of  holla  which  would  eventually  be  used  for  this  fleet  conld  not 
be  definitely  predicted.  Of  the  wide  range  of  types  of  barges 
available,  the  Barge,  Dry  Cargo,  Fon-Propelled,  Steel,  •l?C0-Ton, 
210-Joot,  Design  230,  and  Bargs,  Deck  Cargo,  Fan-Propelled,  Steel, 
585-Ton,  120-Poo t,  Design  231  A,  appeared  similar ; to  representative 
types  of  successful  commercial  barges,  and  tha  most  likely  to  be 
included  in  a  standard  TC  fleet.  Aside  from  these  two  designs, 
there  seemed  to  be  no  outstandingly  good  hulls  with  the  possible 
exception  of  Barge,  Dry  Cargo,  Steel,  130-Foot,  Design  267*  This 
130-foot  cargo  barge  bad  been  designed  with  rather  complicated 
forward  rake-end  sections  which,  if  Justified  by  markedly  lower 
resistance  characteristics,  might  be  considered  as  a  future 
standard  design. 

During  World  War  II,  there  was  an  urgent  need  for  small  harbor 
barges  which  could  be  shipped  overseas  in  a  compact  form.  Barge# 

Dry  Cargo,  Fon-Fropelled,  Steel,  375-Ton,  112-Foot,  Design  430, 
Knock-Down  is  representative  of  the  solution  evolved  at  that  time. 
Although  barges  of  this  type  were  not  ant ir sly  successful,  owing  to 
assembly  difficulties,  it  was  desired  to  compare  the  hull  forms  of 
this  design  and  tha  more  recent  development  along  these  lines  such 
as  Barge,  Deck  Cargo,  Non-Propelled,  Steel,  Seetlonalized,  Besting, 
81-Eoot,  Design  7001, 

In  order  to  round  out  this  series  for  comparative  purposes, 
three  other  barges  were  selected:  Barge,  Pier,  Fon-Pr opal led. 

Steel,  150-7oot,  Knock-Down,  Design  380,  a  pier  barge  with  an  extreme¬ 
ly  large  beam-to- length  ratio;  Barge,  Deck  Cargo,  Fon- Prop* lied. 

Wood,  700-Ton,  130-7oot,  Design  336  B;  Barge,  .Cargo,  Steel,  112-7oot, 
Design  417  S,  a  fine-ended  barge  representing  the  so-called 
"simplified  form." 

In  addition  to  the  above  hulls,  contracts  were  issued  for  the 
design  of  Barge,  Liquid  Cargo,  Fon-Fropelled,  Steel,  9000  Bbl.,  195” 
Foot,  Design  7002,  and  Barge,  Dry  or  Liquid  Cargo,  Fon-Propelled, 
Steel,  500-Ton,  130-Foot,  Design  7003,  which  both  called  for  model . 
tests. 

s 

Test  results  for  designs  7002  and  7003  have  been  included  in  the 
analysis.  Further  developments  to  be  described  later  indicated  the 
need  for  replacement  bull  forms  for  a  112-foot  and  a  130-foot  barge, 
which  are  included  as  BZ  10  and  3Z  11. 
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ANNEX  I.-B  (eontd) 


The  above  designs  were  selected  for  model  testing  in  order  to 
determine  which  hulls  were  satisfactory  for  further  use  by  the  Trans¬ 


portation  Corps,  and  to  secure  basic  design  information  which  would 
prevent  repetition  of  the  mistakes  made  in  barge  procurement  in  World 


T7ar  II. 
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AMEX.  I.-C 


Modal-toting  tasks 

She  twelve  modal  tests  covered  by  this  report  were  carried  out 
in  two  modal-testing  basins.  Designs  267,  430,  336  B,  417,  BX  10. 
and  BX  11  vara  tasted  in  the  Haval  Tank  at  the  University  of 
Michigan.  Designs  700i.  7002,  7003,  230,  231  A.  and  380  ware 
tasted  in  lank  Ho.  1,  Experimental  Towing  Task,  Stevens  Institute 
of  Technology. 

In  the  22-by  300-foot  Haval  Task,  Models  are  towed  under  a 
carriage  running  the  length  of  the  basin  on  rails  fitted  along  each 
side.  A  motor,  which  is  mounted  on  the  carriage,  propels  it  at  con¬ 
stant  speed. 

The  Stevens  tank  Ho.  i  is  9  feet  by  100  feet.  Models  are 
towed  by  a  dynamometer  riding  on  an  overhead  central  rail.  The 
dynamometer  is  propelled  by  means  of  a  continuous  wire  running 
along  the  rail  and  around  a  motor-driven  pulley.  A  dc  motor  is 
used  to  bring  the  model  up  to  constant  speed,  and  an  ac  synchronous 
motor  mounted  on  the  same  shaft  is  cut  in  to  tow  the  model  at 
constant  speed  down  the  tank. 

In  the  prediction  of  full-scale  resistance  values,  the  model 
results  of  both  tanks  are  equally  reliable.  In  the  prediction  of 
full-scale  yaw  characteristics,  however,  the  larger  size  and  type 
•  of  carriage  propulsion  of  the  Haval  Tank  nermits,  to  some  extent, 
the  quantitative  evaluation  of  yaw,  whereas  the  yaw  results  of  the 
Stevens  Tank  are  qualitative  only.  In  the  Haval  Tank,  the  model 
can  swing  freely  through  its  full  amplitude  of  yaw  throughout 
several  cycles.  The  smaller  dimensions  of  the  Stevens  tank  Ho.  1 
do  not  permit  full  swing  of  a  badly  yawing  barge,  and  it  is  seldom 
that  a  model  can  complete  more  than  l£  cycles.  In  addition,  the 
cutting  in  of  the  synchronous  motor  often  accelerates  the  model 
abruptly.  If  the  model  is  not  heading  straight  down  the  tank  at 
this  instant,  the  first  swing  is  overemphasized.  Thus  the 
correction  of  yaw  in  this  tank  can  be  considered  satisfactory  for 
full-scale  predictions,  but  uncorrected  yaw  cannot  be  measured  with 
accuracy. 
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JLfflEX  I.-D 


Expansion  of  model. results 


The  expansion  of  all  modal  results  covered  by  this  report  has  beea 
la  eonformaaoa  with  the  latest  standards  set  forth  by  the  Society  of  Rival 
Architect!  and  Hsrine  Engineers  Hydromechanics  Subcommittee,  Bulletin  1-2. 
The  Sehoenherr  friction  formulation  was  used  for  both  model  and  full  scale, 
A  constant  addition  of  0,0004  was  made  to  the  frietional-resistanr.e  coef¬ 
ficient  for  roughness.  All  full-scale  predictions  are  based  en  immersion 
in  salt  water  at  15°c  (59*p). 

It  has  been  the  practioe  at  tho  Haval  Tank,  in  the  expansion  of 
results  of  models  with  major  appendages  such  as  barge  skegs,  to  add  to  the 
bare-hull  results  only  50  percent  of  the  additional  resistance  incurred 
by  tho  use  ef  skegs.  This  apparent  departure  from  Preude'a  law  of  compar¬ 
ison  may  have  some  merit  owing  to  the  faot  that  velocity  past  the  skegs 
differs  from  barge  velocity.  However,  no  reliable  full-soale  barge  testa 
have  been  made  to  Justify  the  use  of  a  definite  percentage  of  the  skeg 
resistance.  Tests  on  Thames  barges  reported  by  Baker  (5)  showed  close 
correlation  between  model  and  full-seals  tests  with  no  scale  eprreotion. 
All  expansions  covered  by  this  report  have  included  the  full  resistance 
of  the  model  skeg. 
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ABUZZ  I.-E 


Model  tests 

Contracts  placed  with,  the  Havel  Tank  and  with,  the  Experimental 
levies  Tack  for  the  eight  barges  originally  selected  (designs  7001, 

231  A.  230,  380,  267,  430,  417  S,  and  336  B)  called  for  resistance 
tests  and.  yav  tests  at  three  displacements  for  each  barge.  Al¬ 
terations  were  to  be  made  to  each  hull  to  lower  resistance  and  reduce 
yaw,  and  the  altered  models  were  to  be  similarly  tested.  The  basic 
resistance  and  yaw  tests  were  completed  in  accordance  with  these  re¬ 
quirements,  and  the  plotted  results,  together  with  the  ralce  profile 
and  body  plans  of  these  ressels  are  shown  in  figures  1A  through  8C 
inclusive  of  appendix  Ill.  A  description  of  the  alterations  made 
and  discussion  of  the  performance  of  each  form  follows 

Design  7001  (fig  1A,  app  III.)* 

Shis  81-foot  barge  was  designed  specifically  for  seetlonali- 
zation  and  nesting  of  the  individual  sections.  She  >™n  fora  has 
necessarily  been  designed  to  meet  these  requirements.  However,  in 
spite  of  the  restrictions  to  shaping  of  the  hull,  the  resistance  of 
this  barge  is  quite  satisfactory  (fig  IS).  When  towed  behind  a 
single  line,  a  distinct  tendency  to  yav  was  demonstrated.  Shis  was 
overcome  to  some  extent  by  towing  with  a  bridle.  Because  of  the 
design  restrictions,  no  alterations  were  attempted  to  improve  re¬ 
sistance  at  yaw  characteristics. 

Design  231  A  (fig  2A) 

Tor  a  simply  shaped,  symmetrically  ended  hull  fora,  this  120- 
foot  barge  showed  exceptionally  low  resistance  characteristics  (fig 
23) .  Shree  alternate  bow- and- stern  combinations  with  considerably 
mare  shape  than  the  original  rake  ends  failed  to  reduce  the  resistance. 
Rounding  off  of  the  bilges  to  a  12-inch  radius  showed  no  improvement 
over  the  original  1-inch  radius.  •  The  single  centerline  akeg,  however, 
proved  to  be  entirely  ineffective  in  preventing  yav,  which  was  un¬ 
controllable  in  the  model  basin.  The  substitution  of  two  outboard 
plate  skega  with  prisma  at  the  after  ends  (fig  2C)  vaa  required  to  in¬ 
sure  directional  stability.  The  total  resistance  was  thus  considerably 
increased  (fig  2D). 

Design  230  (fig  3A) 

This  210-foot  cargo  barge  had  the  lowest  resistance  characteristics 
of  all  barges  tested  (fig  3B)  owing  to  the  ship-form  bow.  The  yav  was 
satisfactorily  corrected  by  the  Ingalls,  a  pyramid-type  akeg,  but  with  a 
prohibitive  increase  in  resistance.  By  the  substitution  of  plate  ekegs 
with  prisms  (fig  30)  the  yaw  was  corrected  with  a  definitely  lower 
resistance  penalty  (fig  3D). 

*Hote:  All  figures  (except  figure  l)  referred  to  in  this  report  ere 
shown  In  appendix  III. 
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Design  380  (fig  4A)  ' 


This  150-foot  pier  barge  baa  a  fairly  high  resistance  (fig  4B) ,  vbieh 
could  be  reduced  15  to  25  percent  by  shaping  of  tbs  forward  rake-end 
bilges.  However,  as  this  barge  would1'  seldom  be  used  for  actual  towing* 
the  reduction  in  resistance  would  not  justify  the  added  construction  cost. 
In  the  even-keel  condition,  this  barge  bad  an  uncontrollable  yaw  which 
could  not  be  reduced,  even  witb  the  addition  of  three  plate  skega  with 
prisms.  Additional  tests  proved  that  directional  stability  could  be  re¬ 
stored  by  operating  witb  a  bridle,  and -with  approximately  1  foot  of  trim, 
little  Increase  in  resistance  was  indicated  when  operating  under  these 
conditions. 


Design  267  (fig  5d) 

Ibis  130-foot  steel  barge  has  favorable  resistance  characteristics 
which  have  been  obtained  by  a  complicated  bow  design.  Tram  a  resistance 
standpoint  the  vessel  is  satisfactory,  but  the  additional  cost  of  con¬ 
struction  required  appears  unwarranted.  Ibs  curves  of  total  resistance 
are  given  in  figure  5B,  and  curves  of  yaw  amplitude  In  flgure.5C.  The 
barge  as  designed  is  directionally  unstable. 

Design  430  (fig  6a) 


The  knock-down  principle  employed  in  tbs  construction  of  this  112- 
foot  steel  barge  necessitated  to  some  extent  the  abrupt  form  contours. 
She  resistance  penalty  of  this  barge  (fig  6B)  was  tremendous,  its  resis¬ 
tance  being  the  highest  of  all  barges  tested.  She  directional  stability 
without  the  use  of  skega  was  exceptional  (fig  6C)  . 


Design  417  S  (fig  71) 


This  112-foot  steel  barge  of  the  *  straight-element*  form  also  showed 
a  high  resistance  far  the  amount  of  cargo  carried  (fig  7B)  •  The  vessel 
was  directionally  unstable  (fig  ?C);  hand-operated  rudders  of  the  type 
used  on  this  barge  are  entirely  ineffective  in  overcoming  yaw. 

Design  336  B-  (fig  8A) 

This  130-foot  wooden  lighter  barge  had  a  very  high  resistance  (fig.  SB) 
owing  chiefly  to  the  paneled  construction  used  on  the  sides.  The  vessel 
could  not  be  considered  directionally  stable,  but  the  yaw  amplitude  was 
not  too  great  (fig  8C). 

Design  BX  10  (fig  11A) 

Because  of  the  unsatisfactory  performance  of  designs  430  and  417  8, 
it  was  felt  that  there  would  be  no  advantage  in  altering  these  hulls. 
Professor  L.  A.  Baler  of  the  University  of  Michigan  agreed  to  submit  a 
new  "straight-element  form"  design,  embodying  in  general  the  over-all 
dimensions  and  tonnages  of  these  two  barges.  This  form,  designated  BZ  10, 
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A2RZZZ  I  .-3  (coat 4) 


«»  tested  with  and  without  ekegs  (tig*  112,  11C),  and  showed  excep¬ 
tionally  good  performance.  Although  tha  akegs  increased  tha  raaiataaea 
considerable,  yaw  waa  completely  eliminated. 

Da alga  BZ  11  (fig  12A) 

Owing  to  tha  high  eona traction  coat  expectad  for  deaign  267  and  tha 
high  raaiataaea  of  daalga  336  3,  a  *  straight-el  ament  fora1  replacement  waa 
daalgned  by  Profesacr  Baler*  Thia.  barge  alao  had  a  low  raaiataaea*  and 
complete  directional  atability  waa  attained  (flga  12B,  12C). 

Deaign  7002  (fig  9A) 

i 

This  196-foot  ateal  barge  waa  recently  daalgned  by  tha  IC  Board  aa  a 
liquid  carrier.  The  easy  forward  rake  and  tha  forming  of  tha  deck  line 
forward  and  aft  giro  exceptionally  low  raaiataaea*  The  modal  teating  of 
thia  barge  waa  accompliahad  under  it  a  deaign  contract,  and  tha  data  ob¬ 
tained  carer  only  one  deepwater  teat  which  can  be.  compared  with  other 
barge  teata  (fig  9B).  The  barge  waa  directionally  unatable  when  teated 
with  daalgned  akegs,  and  tha  aubatltutlon  of  tha  akeg  shown  la  figure  90 
is  recommended*  Tha  additional  raaiataaea  incurred  by  thia  akeg  would 
jarobably  lie  somewhere  between  the  raluea  for  deaigna  230  and  231  A 
(fig  19). 

Deaign  7003  (fig  10A) 

Thia  130-foot  oil  barge  waa  alao  designed  recently  by  the  XC  Beard* 
Tha  only  deep-water  teat  which  can  be  compared  with  tha  other  bargea  (fig 
10B)  waa  conducted  with  yaw  corrected  by  tha  akegs  ehown  in  figure  IOC, 
which  are  recommended  aa  replac amenta  for  the  akegs  originally  designed. 
Tha  teat  Indicated  that  this  fora  was  one  of  the  beat  of  the  group* 
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Coop aril on  of  resistance  results 

Comparative  results  of  the  model  teats  are  shown  in  ths  graph  on  the 
next  page.  Design  7001  was  left  unchanged.  On  design  380  the  yaw  was 
corrected  hy  trimming  "by  ths  stern,  and  without  use  of  skegs.  So  attempt 
was  mads  to  correct  design  7002  because  the  yaw  was  small,  end  experience 
had  proved  that  when  yaws  are  of  very  small  amplitude  in  tank  tests  thsy 
are  not  apparent  in  the  full-size  vessel.  Design  7003  vaa  towed  with  sicegs 
only,  and  no  base  hall  data  are  available.  Skegs  of  designs  231  A  and  230 
were  altered  to  reduce  yawing  with  a  minimum  increase  in  resistance. 

Design  267  has  good  resistance  characteristics,  but  lacks  directional 
stability.  Designs  417  S,  430,  and  338  B  are  considered  entirely  unsat¬ 
isfactory,  and  should  serve  as  an  example  of  types  to  be  avoided  in  the 
future.  Designs  BX  10  and  BX  11  offer  low  resistance  together  with  low 
initial  construction  costs,  owing  to  simplification  of  form. 

It  is  recommended  that  the  conclusions  of  this  report  be  adopted  as 
guides  for  the  design  and  procurement  of  future  barges  for  Transportation 
Carps  use. 

Be  si  stance  results  for  all  barges  at  load  displacement  3a  deep  water 
ere  compared  in  figures  13,  14,  15,  and  16.  She  values  have  been  reduced 
to  a  comparative  basis  by  plotting  against  the  frauds  number.  This  has 
been  used  in  preference  to  the  normally  accepted  speed-length  ratio  beeaaee 
of  the  confusion  often  occurring  in  rating  barges  in  knots  or  in  statute 
miles  per  hour.  In  flgorea  13  and  14  ths  total  resistance  has  been  ax- 
.  pressed  in  pounds  per  pound  displacement  rather  than  pounds  per  ton,  to 
permit  use  with  either  long  or  short  displacement  tons.  Use  has  been  made 
(figs  15,  16)  of  the  "volume trie"  residual  resistance  coefficient  to 
permit  dimensionless  comparison  of  residual  resistance  on  a  basis  which 
indicates  the  carrying  capacity  of  the  barge.  . 

A  comparison  of  the  curves  at  figure  13  with  model-test  results  for 
14  barges  given  by  Baler  (l)  shows  that  design  230  has  a  lower  resistance 
than  any  of  them.  Designs  BX  10  and  7002  are  on  a  par  with  ths  bast  of 
the  bargee  shown.  Designs  BX  11,  231  A,  267.  and  7002  are  better  than 
average,  and  designs  380,  7001,  336  B,  and  417  S  graduate  throughout  the 
range.  Design  430  it  quite  similar  to  ths  poorest  of  the  14  barges  tested. 
This  indicates,  therefore,  that  TC  barge  designs  range  from  the  best  to 
the  worst  encountered  in  commercial  practice. 

Basie  barge  performance  can  bait  be  analyzed  by  reference  to  the 
curves  of  figure  15*  Here  the  comparative  bare-bull  form  resistances  are 
clearly  shown.  She  averages  of  these  values  between  froude  numbers  of. 

0.10  and  0.20  are  shown  in  the  graph  (fig  l)  which  serves  as  a  rating 
index  for  this  group  of  barges. 
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Reference  to  tha  proportional  sectional-area  cunras  (fig  17)  gives  a 
r'.v/tiaual  description  of  tha  basic  cause  of  tha  high  resistance  of  some  of 
••■/'•jhese  barges.  These  curves  have  bean  staggered  for  olarity.  The  ordin¬ 
ates  represent  the  ratio  of  section  area  to  midship  section  area  for  each 
barge.  The  abscissae  represent  the  ratio  of  rake-end  length  (on  water- 
line)  of  eaoh  barge  to  the  maximum  rake-end  length  of  the  barges  tested 
(design  230  forebody;  design  BX  11  afterbody). 

The  high  resistances  of  designs  430  and  417  S  can  be  attributed 
directly  to  the  sharp  break  in  the  sectional-area  curve  where  the  rake-end 
meets  the  middlebody.  The  resistance  of  design  430  is  greater,  owing  to 
the  shorter  rake  length. 


The  short  rake  lengths  of  designs  380.  7001.  and  336  B  raise  the 
resistances,  but  the  fair  curvature  of  the  seotional-area  curves  gives  an 
indication  of  good  form.  Design  336  B  has  a  higher  resistance,  as  the 
paneling  of  the  parallel  sides  causes  severe  eddying.  The  easy  sweep  of 
the  sectional-area  curves  of  designs  231  A  and  267  combined  with  fairly 
long  rake  ends  give  good  forms  with  reasonably  low  r«* is tanoe.  From  the 


appearanoe  of  the  relative  resistanoes,  the  change  in  curvature  of  the 
seotional-area  ourve  at  the  bow,  giving  a  smaller  entrance  angle  combined 
with  greater  rake  length,  is  eonduoive  to  very  low  resistanoe  values  as 
exemplified  by  designs  230,  7002,  7003,  BX  10,  and  BX  11.  The  differences 
in  average  apaoifle  resistance  of  these  designs  can  be  oaused  by  waterline 
shape,  length-to-beea  ratio,  and  beam-to-draft,  ratio  as  listed  in  table  II 


For  the  four  bare-hull  testa  available,  the  specif ic  resistances  vary 
..almost  linearly  with  the  length-to-draft  ratio,  but  there  have  not  been 
^Juffioient  tests  to  aooept  this  as  a  general  statement. 
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Discussion  of  'barge-fora  design 

Certain  design  considerations  are  apparent  from  the  coaparison  of 
the  barge-model  tests  coapleted  under  this  project.  These  may  be  listed 
as  follows: 

a.  The  shape  of  the  sectional-area  curre  is  a  definite  factor  in 
deteraining  barge  resistance.  In  general  a  small  slope  of  the  curre  at 
entrance  combined  with  a  low  prisaatic  coefficient  and  fair  currature 
throughout  tend  to  lower  resistance. 

b.  The  length  of  the  rake  ends  is  a  controlling  factor.  Dorsalis 
the  longer  the  rake  end.  the  lower  the  resistance.  However,  where  resis¬ 
tance  is  compared  with  displacement  tonnage,  a  certain  optimum  length  is 
indicated.  A  series  of  tests  at  the  University  of  Michigan  established 
the  optimum  length  of  the  forward  rake  end  at  25  percent  of  the  length 
orer-all.  It  was  also  found  that  the  after  rake  end  could  be  of  the  same 
form  as  the  forward  rake,  but  with  the  sifter  end  cut  off  to  reduce  the 
after  rake  length  to  80  percent  of  the  forward  rake  length.  This  gave 
the  lowest  values  of  resistance  per  ton  of  displacsment. 

c.  The  slope  and  shape  of  the  forward  rake-end  keel  line  have  often 
been  considered  quite  critical.  Tests  by  Sadler  (3)»  Baier  (l),  and  Hay 
(7)  (8)  demonstrated  wide  variations  in  resistances  with  various  slopes 
and  shapes.  However,  the  tests  conducted  on  modifications  of  design  231  A, 
and  the  low  resistances  of  designs  267  and  230  indicate  that  these  vari¬ 
ations  were  due  more  to  changes  in  the  sectional-area  curve  than  to  changes 
in  the  rake  profile.  Three  seta  of  bow- and- stern  rake  ends  were  constructed 
for  design  231  A.  These  ends  bad  lateral-area  coefficients  of  0.67.,  0.75, 
and  0.&3,  respectively,  with  a  parabolic  profile.  The  sectional-area 
curve  (and  therefore  entrance  and  run  prismatic  coefficients)  were  iden¬ 
tical  for  all  three  seta.  The  resistance  results  obtained  by  any  combina¬ 
tion  of  these  forma  was  identical.  It.ia  therefore  believed  that  the 
shape  and  slope  of  the  rake  profile  are  important  for  resistance  only 
insofar  as  they  affect  the  sectional-area  curve.  Per  a  fairly  full  formed 
rake  end,  a  rake  angle  of  30  degrees  seems  to  give  the  most  satisfactory 
sectional-area  curve. 

d.  The  ratios  of  length-to-beam  and  beam-to-draft  have  a  decided  ~ 
effect  on  resistance.  Designs  BX  10  and  3X  11,  which  have  otherwise 
nearly  identical  coefficients,  show  a  30  percent  difference  in  residual 
resistance.  In  general,  the  resistance  decreases  with  increasing  values 
of  these  ratios. 

e.  Any  unneceaaary  eddy-making  appendages  such  as  the  paneling  on 
design  336  B  are  to  be  avoided. 

f.  Good  barge  forms  can  be  obtained  without  complicated  construction 
features. 
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g.  Deadrise  and  a  large  bilge  radius  are  important  factors  in 
Villow-watar  operation  (1),  but  may  be  less  significant  for  deep-water 
’ 'liberation. 


The  dimensions  of  lengthy  beam,  and  draft  are  usually  stipulated  in 
the  design  of  military  barges,  which  restricts  the  designer  to  some 
extent.  In  these  cases,  attempts  to  lower  resistance  must  be  oonfined  to 
the  proportioning  and  shaping  of  rake-ends.  He  is  also  restricted  to 
shapes  which  lend  themselves  to  simple  and  inexpensive  construction.  In 
dealing  with  a  rounded  bilge  form,  the  use  of  a  constant  radius  simplifies 
fitting  by  reducing  the  rolling  or  fumaoing  operation  to  a  single  pair  of 
strokes.  Figure  18A  shows  two  types  of  bargee  which  employ  this  principle 
The  rake  end  profiles  are  identical,  but  in  one  barge  a  good  seotional- 
area  curve  has  been  obtained  by  tapering  in  the  sides  to  the  neadlog. 

Tlhere  a  large  deck  area  is  required,  the  sectional-area  curve  oan  be  re¬ 
tained  by  varying  the  deadrise  as  shown  in  the  second  body  plan.  The 
fore  and  after  rakes  are  symmetrical,  with  IS  peroent  out  from  the  rake 
aft.  This  feature  has  the  added  advantage  that  if  flotilla  operation  is 
desired,  the  barges  may  be  secured  stern  to  stern. 

As  a  third  alternative  type,  the  "straight  element1*  form  for  barge 
rake  ends  is  employed  in  figure  18 B.  Considerable  experimentation  was 

done  along  these  lines  at  the  University  of  Michigan  for  the  Ingalls 
Corporation,  and  the  proportions  shown  represent  the  optimum  values  found. 
This  form  is  adaptable  to  the  use  of  developed  plates  between  the  upper 
-•.>d  lower  chine.  The  Ingalls  "Patented  Bow"  uses  the  developed  surface 
Vjt”  a  cone  with  the  apex  at  point  A  to  form  this  plats.  A  cylindrical 
development  is  also  possible,  or  straight  seotions  may  be  used  as  shown. 

By  reference  to  the  three  suggested  standards  and  principles  set 
forth  above,  it  should  be  possible  for  a  designer  with  relatively  little 
barge  experience  to  design  a  good  hull  form,  easily  constructed,  and  with 
low-resistance  characteristics . 
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Comparison  of  skeg  performance 

Of  the  12  barges  tewtad,  8  vara  originally  fittad  vith  soma  type  of 
device  expected  to  insura  diraotional  stability.  Design  231  A  had  a 
singla,  straight-aided  oantarlina  skag.  Dasign  230  had  tvo  Ingalls  pat- 
antad  pyramid-type  skags.  Dasign*  287*  7002.  and  7003  had  pairs  of 
straight-aidad  skags.  Dasign  417  8  had  a  oantarlina  ruddar.  and  dssigns 
3Z  10  and  BZ  11  had  pairs  of  offset  Dravo-type  skags.  Of  tha  aight 
tastad.  only  thosa  on  designs  230.  BZ  10.  and  BZ  11  actually  aliminatad 
yaw. 


Types  of  skags  recommended  by  tha  Experimental  Towing  Tank  vara 
fittad  to  designs  231  A,  230  880.  and  7003.  Tha  yaw  was  aliminatad  on 
all  but  dasign  380.  whioh  required  tha  combination  of  trim  and  a  bridle 
to  attain  stability.  Tha  relative  resistances  of  tha  skags  which  actually 
corraotad  yaw  are  shown  in  figure  19 . 

From  these  curves  it  appears  that  tha  yaw-correcting  skags  of  lowest 
resistance  are  of  tha  Experimental  Towing  Tank  type,  consisting  of  plate 
skags  with  vertical,  triangular  prisms  fittad  to  tha  after  ends. 
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Discussion  of  directional  Stability- 

Directional  stability,  or  the  ability  of  a  barge  to  follow  a  straight 
course  behind  a  towing  vessel,  is  an  extremely  important  factor  in  the 
operations  of  tugs  and  barges.  A  yawing  barge  is  a  danger  to  navigation  and 
to  the  towing  vessel.  The  sheering  of  a  barge  in  a  turn  has  been  known  to 
capsize  the  towing  vessel.  It  also  greatly  reduces  the  efficiency  of  towing 
operation. 

Tlhen  an  external  force  such  as  a  wave  throws  a  barge  off  course,  a 
new  transverse  resistance  force  is  added.  If  the  moment  of  this  force 
about  the  center  of  gravity  opposes  and  exceeds  the  restoring  moment  of 
the  force  exerted  by  the  towline,  the  barge  will  be  directionally  unstable. 
The  stability  may  be  restored  by  several  methods: 

The  use  of  a  towing  bridle  increases  the  moment  arm  of  the 
restoring  force. 

The  use  of  skegs  or  a  rudder  decreases  the  moment  arm  of  the 
transverse  resistance  by  moving  aft  the  center  of  lateral 
resistance.  (Rudders  have  been  unsuccessful,  as  they  do  not 
exert  a  great  enough  force  unless  the  yaw  is  anticipated  by 
the  helmsman). 

Vft  The  trimming  of  the  barge  moves  the  oenter  of  lateral  resist" 

ance  aft,  and  by  relocation  of  the  center  of  gravity,  increases 
the  moment  arm  of  the  restoring  foroe. 

Fining  the  forward  lines  to  reduce  transverse  resistance,  or 
filling  out  the  after  lines,  tends  to  move  the  center  of  lat¬ 
eral  resistance  aft. 

Studies  at  the  University  of  Michigan  (10 )  showed  that  a  bridle  length 
of  l-l/2  barge  beams  was  the  most  effective  in  overcoming  yaw.  A  series 
of  tests  on  skegs  carried  out  at  the  University  of  Michigan  in  1938  for  the 
Dravo  Corporation  (l)  resulted  in  the  design  of  a  very  efficient  skeg; 
this  type  was  used  on  designs  BX  10  and  BX  11.  Eowever,  barge  tests  of 
project  9-57-01-04  indicate  that  a  skeg  of  the  type  developed  by  the 
Stevens  Experimental  Towing  Tank  corrects  yaw  with  less  resistance  penalty 
than  the  Dravo  or  the  Ingalls  skegs.  This  type  of  skeg  (fig  20)  is  recom¬ 
mended  as  a  standard  for, future  TC  designs  until  further  studies  can  be 
-  made.  Consideration  should  also  be  given  to  retractable  skegs  for  TC 
barges  operating  in  both  rivers  and  harbors. 

Investigations  of  the  relationship  between  directional  stability  and 
form  design  have  been  limited  mainly  to  ship-form  vessels  propelled  and 
controlled  from  the  stern.  The  same  techniques  could  be  applied  to  barge- 
hull  forms  to  give  very  worthwhile  information  on  this  subjeot.  The  great 
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1.  ltrp  iMlpi  417  S,  490*  ttitM  I  in  «Un1|  MUkUteHny. 

t.  Daalga  HO  tea  aafetafaafeary  raalafeian  akaraafearlafeiaa  far  * 
aywlil»yuryiai  fearga.  Xai  aaa  to  aaa ferallai  fey  tto  aaa  if  tola  aai  brtdia. 

I.  DNlp  7001  la  a  ilatlMt  tyiiwrt  «m  iaalga  400,  ui  falfUU 
aittafwtorUy  kto  Nfdnaaik  far  a  aaafelaaallaai  fearga. 

4.  Dulfi  SOI  A  aaa  fea  lapntil  far  itoUw  —Mr  afaratloa  fey  la* 
araaaa  of  tto  fellga  ra41aa  fea  10  laafeaa.  Dm  aaa  fea  allalaafead  fey  aafeatl- 
fevtlaa  af  fefea  rariaa4  akaga  ahaa  la  flyr*  *0. 

0.  Daolga  000  feaa  wferaaaly  lav  raalafeaaaa  afelafe  aaa  fea  faifefevr 
raOaaai  fey  avfeattfeafelaa  af  fefea  akaga  afeaaa  la  figara  00. 

4.  Daalga  007  feaa  raaaaaafely  lav  raaaafeaaaa.  fevfe  fefea  afllaafeai 
few  ftoatolaa  lataafeaa  felgfe  aaaafetaafelaa  aaat.  ifev  af  fearga  aa  aav 
OaalgaaO  la  aaaaaalav. 

7.  Baalgaa  7000  aai  7000  feaaa  awallaafe  raalafeaaaa  afeavaafearlafelaa. 
Blraafelaaal  afeafe&llfey  aaa  fea  laaraaaal  fey  aafeafeifeafelaa  af  fefea  akaga  ahaa 

flgaraa  00  aa«  100. 

* 

l«  Ttoalwa  B  10  aaA  B  11  art  itoUfetfen  raytaaaaaaM  ffer  iff  I  aaa 
r  0.  400,  ill,  aai  007. 
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Figure  2D.  Desi«i  231  A.  Curves  of  total  resis tance,  shoeing 

increased  resistance  resulting  fro®  revised  skeg 
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Bull-fora  data  and  resistance  tables 
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The  problem  of  propel ler  dreg  we*  epproeched  by  compering  the  various 
eveileble  methods  of  computing  locked  propeller  dreg  with  eech  other  for 
2  ships.  When  possible  the  retionele  was  studied  for  eech  method  In  en  * 
effort  to  develop  e  method  which  Is  "simple"  end  sulteble  for  ell  nevel 
ship  classes. 

Symbols 

Rp  ■  Resistance  of  I  propeller  (LB.) 

Rjp  ■  Total  propeller  resistance  (LB.) 

Rh  -  Hull  resistance  (in  calm  water  w/o  propellers)  (LB.) 

2 

Ap  -  Projected  area  (FT.  ) 

AQ  -  Developed  Area  (FT.*)  """SS?1- 

Aj.  -  Expanded  area  (FT.  ) 

BAR  •  Blade  area  ratio 

V  »  Ship  speed  Ft. /sec. 

VK  ■  Ship  speed  KT. 

VA  »  Speed  of  advance 

Cp  -  Propeller  drag  coefficient 

All  of  the  methods  of  computing  locked  propeller  drag  follow  the 
form  Rp  *  Cp  p/2  AV2  where  AfcV  may  vary  depending  on  the  area  considered 
or  the  units  for  speed  used.  To  compare  various  methods  of  calculation  it 
is  useful  to  reduce  the  equation  above  to  the  form  R„  -  KV„2  where  K  combines 

p  * 

Cp,  p/2  (if  used),  and  the  appropriate  area  for  each  method.  The  K  values 
are  compered  by  dividing  by  K  for  method  which  corresponds  to  the  equation 
from  Ref.  5.  In  addition  R^p  is  calculated  for  each  method  and  is  compared 
with  the  calm  water  hull  resistance  with  the  ratio  RTd/*u. 
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As  with  Appendix  A  Che  unabridged  report  contains  all  of  the 
detailed  calculations  {sheets  1-57)  while  the  abridged  report  contains 
only  sample  calculations.  The  added  resistance  in  waves  is  calculated 
by  two  methods.  The  first  is  very  approximate  and  utilizes  a  formula 
derived  by  Jacobs  and  Lewis  for  a  stationary  ship  in  waves.  This 
serves  as  a  rough  check  for  the  second  method  which  utilizes  the 
seakeeping  tables  of  reference  22. 
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Two  data  tables  of  naval  ship  characteristics  were  developed  in 
order  to  assign  calm  water  hull  resistance  curves  and  curves  for  added 
resistance  in  waves  to  those  ship  classes  for  which  calculations  were 
not  performed. 

The  first  two  sheets  1  S  2  give  the  curve  numbers  for  those  ships 
for  which  calculations  were  performed.  Calculations  for  hull  resistance 
were  performed  for  39  ships  and  calculations  for  added  resistance  in 
waves  for  9  ships. 

Sheets  3  through  7  give  the  hull  form  characteristics  for  all  the 
naval  ship  classes  although  blanks  in  the  table  appear  when  data  was  not 
readily  available  In  the  literature.  • 

Hull  resistance  curves  were  assigned  principally  on  the  basis 
of  block  coefficient,  prismatic  coefficient,  volumetric  coefficient,  L/B, 
and  ship  description.  Curves  for  added  resistance  in  waves  were  assigned 
principally  on  the  basis  of  ship  length  and  to  a  lesser  extent  on 
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calculation  of  tow  resistance  by  method  used  in  u.s.  navy  towing  manual 
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CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 
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10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION, 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rg ,  (SEE  FIG.  j6) 


14  SELECT  A  TOW  SPEED,  VJ0W 
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DESIGN  CALCULATION  SHEET 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) _ ‘ _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW,N[) 


WIND  VELOCITY  COMPONENT  VT  -  ©  +  [?§)  x  COS  (.5 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WINO  RESISTANCE,  Ry  -  (j)  x  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

j  HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  QOJ  x  11  1) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

1i» 

PROPELLER  RESISTANCE  -  Rp  =  3.394  x  ;1 3)  x  ®  x  © 

15 

HULL  RESISTANCE  -  (H>)  x  (V)  -  © 

16  ' 

SEA  STATE  RESISTANCE  -  R,  -  (.12)  -  (.IS)-® 

17 

TOTAL  TOW  RESISTANCE  -  R_  -  ©  +  (12) 

LONG  TONS 


SQ.  FT. 


knots 


DEGREES 


KNOTS 


knots 


LBS/SQ.FT 


POUNDS 


:  vstb  LST  To  oar*///  ty 

A  fistr/vE  nz£  CoolO  Q€  ATT*/ */£$ 


[• 


T 


DESCRIPTION  UNITS 


SHIP  CLASS  (AE,  CVA,  ETC.)  ' _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _  _  LONG  TONS 


3  FRONTAL  WINDAGE  AREA,  Aj  SQ.  FT. 


TOW  SPEED,  VT0W  KNOTS 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0  DEGREES 


6  TRUE  WIND  VELOCITY,  VW|N[)  KNOTS 


KNOTS 


8  WIND  PRESSURE  P,  (SEE  GRAPH-  1)  LBS/SQ.FT 


9  WIND  RESISTANCE,  Ry  -  (j)  X  (8)  POUNDS 


10  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  Rh  -  (z)  x  QOJ  x  1.1  i)  POUNDS 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  SQ.  FT. 


1*4  PROPELLER  RESISTANCE  -  R  .  3.394  x  ;13)  x  ©  x  ©  POUNDS 


15  HULL  RESISTANCE  -  (jO)  x  (V)  -  ©  POUNDS 


16  '  SEA  STATE  RESISTANCE  -  R  -  (12)  -  (15)-©  POUNDS 


-  (£)  +  (12) 


TOTAL  TOW  RESISTANCE 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP;  AtTf-  IH*  DATE;  - 

BY;  gCl _ 

ITEM 

NO. 

DESCRIPTION 

UNITS 

■ 

SHIP  CUSS  (AE,  CVA,  ETC.) 

TOW  OISPUCEMENT.  A  (SEE  TABLE  7) 

LONG  TONS 

HI 

3 

FRONTAL  WINOAGE  AREA,  Ay 

SQ.  FT. 

mm 

B 

TOW  SPEED,  VT0W 

KNOTS 

_ 

DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 

DEGREES 

MBRa 

6 

TRUE  WIND  VELOCITY,  VW,NQ 

KNOTS 

mm 

B 

WINO  VELOCITY  COMPONENT  VT  «  ©  +  [©  X  COS  ©J 

KNOTS 

mm 

B 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

LBS/SQ. FT 

mm 

WIND  RESISTANCE,  Ry  -  ©  x  (8) 

POUNDS 

890 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

•  • 

LI 

n 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

— 

\.H  _ 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  ©  x  (10)  X  1.11) 

POUNDS 

MVi 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SQ.  FT. 

HI 

\k 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x  ;l*3)  x©x  © 

POUNDS 

9  hj 

15 

HULL  RESISTANCE  -  vjo)  x  ©  -  © 

POUNDS 

IZIS 

16 

SEA  STATE  RESISTANCE  -  R,  ■  (12)  -  (15)-® 

POUNDS 

HZL\ 

17 

TOTAL  TOW  RESISTANCE  -  RT  -  ©  +  (12) 

POUNDS 

nrul 

CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  A? 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  8 


6  TRUE  WIND  VELOCITY,  VWJND 


WIND  VELOCITY  COMPONENT  VT  -  ©  +  (u 


COS  © 


8 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9 

WIND  RESISTANCE,  Rw  «  Qj)  x  (V) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

n. 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (10)  xt.1l) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;.13)x©x  © 

15 

HULL  RESISTANCE  -  (10)  x  ©  -  © 

16  • 

SEA  STATE  RESISTANCE  •  R,  -  ©  -  (15)-© 

LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ. FT 


POUNDS 


\9)  *  02) 


17 


TOTAL  TOW  RESISTANCE 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP  CLASS  (AE.  CVA.  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  V, 


WIND  VELOCITY  COMPONENT  V 


©  +  ED  x  cos  d 


8  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  @  x  © 


10  HYDRODYNAMIC  UNIT  RESISTANCE  r„  (SEE  GRAPH  2) 

_ I n . 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  ©  *  Qo)  *  (.jO 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


-  3.394  x  03)  x  ©  x  © 


15  HULL  RESISTANCE  -  (To)  x  ©  -  © 


16  SEA  STATE  RESISTANCE  -  R-  (fi)  -  (15)-© 


-  (9)  ♦  (12) 


17  TOTAL  TOW  RESISTANCE 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


LBS/SQ.FT 


POUNDS 


14  PROPELLER  RESISTANCE 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


£✓/*/  i/r/A/d  LST  cuzue  pHoDoces  * 
I56#T7 1/£  2-isStsT/i-NcE.  . 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RES  I  STANCE, . RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VD 

K 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJ0W 


15  RH/a  (see  fig-  1 7) 


16.  HULL  RESISTANCE  *  RH  *  ©  *  ©  x  1 .25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-  737  *©  *  ©  x  © 


WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x@x© 


19  TOTAL  TOW  RESISTANCE  -  rt  -  ©  +  ©  +  ©  +  (18) 


UNITS 


LONG  TONS 


SQ.  FEET 


SQ.  FEET 


DEGREES 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


31 


UNITS 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rfi ,  (SEE  TABLE  7)* 


BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


RELATIVE  WIND  SPEED,  V 


RELATIVE  WIND  DIRECTION,  a 


HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  16) 


SELECT  A  TOW  SPEED,  VTQW 


RH/a  (SEE  FIG.  17) 


SQ.  FEET 


SQ.  FEET 


DEGREES 


KNOTS 


POUNDS 


POUNDS 


HULL  RESISTANCE  »  RH  "  ©  *®  x  1.25 


PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (?)  x  @  x  @ 


WIND  RESISTANCE  ■  Rw  -  0.00506  x  (?)  x  (5)  x  ©x  ®  x  @  POUNDS 


TOTAL  TOW  RESISTANCE  -  Ry  -  ©+©  +  ©+  (18) 


POUNDS 


loll 


UNITS 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINOAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA -OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7)' 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rg,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEEO,  VyQW 


15  Rh/a  (SEE  FIG.  17) 


SQ.  FEET 


SQ.  FEET 


KNOTS 


DEGREES 


KNOTS 


POUNDS 


POUNDS 


16;  HULL  RESISTANCE  «  RH  ■  ©  x®x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x®  x  @  x  © 


18  WIND  RESISTANCE  »  Rw  -  0.00506  *  ©  x  (J)  x  ©  x  (lfl)  x@  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  R  •  ©+©  +  ©+© 


POUNDS 


Zo\L 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  _  DATE:  iJllZZL 

BY:  flCS 


ITEM 

NO. 

•  t 

DESCRIPTION 

UNITS 

\ 

B 

SHIP  CLASS  (AE,  CVA,  ETC.) 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

mm 

3 

FRONTAL  WINDAGE  AREA,  Ay  ,  (SEE  TABLE  7) 

SQ.  FEET 

Izoo 

B 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

hi  _ 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

<7 

B 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

/ 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  ,  (SEE  TABLE  7) 

_ 

2 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

10 

RELATIVE  WIND  SPEED,  V_ 

K 

KNOTS 

1 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

mm 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

U 

SEA  STATE  RESISTANCE  R,.,  (SEE  FIG.  16) 

— 

mm 

1** 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

8 

15 

RH/a  (SEE  FIG.  17) 

— 

mm 

16; 

HULL  RESISTANCE  -  RH  *  ©  *©*  1-25 

POUNDS 

mm 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  *  (?)  x  ©  x  © 

POUNDS 

1 0l8lt 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x®x@x@x(lO)x® 

POUNDS 

19 

TOTAL  TOW  RESISTANCE  -  R?  -  Qj)  +  (l_6)  +  (l_7)  +  (18) 

POUNDS 

LM21 

CALCULATION  OF  TOWING  RESISTANCE 


SHIP;  ATf-IHfl  _  DATE;  Z/if/7( 

BY;  /eCS 


ITEM 

NO. 

' 

•  9 

DESCRIPTION 

UNITS 

\ 

fl 

SHIP  CUSS  (AE,  CVA,  ETC.) 

ATP-IH& 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

mm 

3 

FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 

SQ.  FEET 

mm 

B 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

warn 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

KB 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

7 

B 

CURVE  NUMBER  FOR  WINO  FACTOR,  K  ,  (SEE  TABLE  7) 

— 

/ 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  (SEE  TABLE  7) 

— 

2 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

_£ _ 

10 

RELATIVE  WINO  SPEED,  V- 

R 

KNOTS 

11 

REUTIVE  WIND  DIRECTION,  a 

DEGREES 

1o 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

OJ _ 

13 

SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 

— 

mm 

1 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

3 

15 

RH/A  (SEE  FIG.  17) 

— 

warn 

16; 

HULL  RESISTANCE  »  RH  “  ©  *  ©  x  1 .25 

POUNDS 

mm 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  ©  x  @ 

POUNDS 

)0l8l! 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x(lO)x@ 

POUNDS 

*3.B( 

19 

TOTAL  TOW  RESISTANCE  -  R  -  Qjj)  +  (j_6)  +  (jj)  +  (18) 

POUNDS 

imi 

[I] 


[• 


B 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT, A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  16) 


1*»  SELECT  A  TOW  SPEED,  VTQW 


15  RH/a  (SEE  FIG.  17) 


16;  HULL  RESISTANCE  »  RH  -  ®  x  @  x  1 .25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x  (?)  x  @  x  © 


ATF-W6 


LONG  TONS 


POUNDS 


POUNDS 


703<? 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x(|)x(J2)x(jO)x®  POUNDS 


TOTAL  TOW  RES  I  STANCE  -  R  -  (\J)  +  (i_6)  +  Q_7)  +  (18) 


19 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP;  Are  tit  DATE;  - 

BY: _ /F.C1 _ 

ITEM 

NO. 

*  >  i 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA,  ETC.) 

At£‘/Y3 

2 

TOW  DISPLACEMENT, A  (SEE  TABLE-7) 

LONG  TONS 

16  75“ 

3 

FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 

SQ.  FEET 

Uoo 

4 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

o.  7<r 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

Yl 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

7 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

— 

/ 

8' 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 

— 

2 

9 

BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 

— 

£ 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

2?.  7 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

$0 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

un 

13 

SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 

— 

23 ,  S’ 60 

14 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

tT 

15 

Rh/a  (SEE  FIG.  17) 

— 

/.75T 

16; 

HULL  RESISTANCE  *  RH  -  @  x©x  1.25 

POUNDS 

17 

PROPELLER  RESISTANCE  -  Rp  -  3.737  x©  x  ©  x  © 

POUNDS 

non 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x  ©x@ 

POUNDS 

Hitf 

19 

TOTAL  TOW  RES  1  STANCE  -  RT  -  ©  +  ©  +  Qj)  +  (^8) 

POUNDS 

ism 

CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.)  ■ _ 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINOAGE  AREA,  AT  ,  (SEE  TABLE  7) _ 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTnu 


LONG  TONS 


SQ.  FEET  |  /  260 


15 

RH/A  (SEE  FIG.  17) 

— 

/.75" 

l6  ; 

HULL  RESISTANCE  *  RH  *  @  x  ©  x  1 .25 

POUNDS 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  ©  x  @ 

POUNDS 

von 

18 

WIND  RESISTANCE  -  R„  -  0.00506  x@x©x@x  @  x@ 

POUNDS 

mi 

19 

TOTAL  TOW  RESISTANCE  «  Rj  -  (J3)  +  Q6)  +  (jj)  +  (18) 

POUNDS 

ssm 

CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


BY:  KC 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Ay  _ 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  V?  -  (J)  ♦  [^y  x  COS  (5 


WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9 

WIND  RESISTANCE,  Ry  -  (?)  x  (.8) 

10 

HYOROOYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (1*6)  x  1.1 1) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3-394  x  ;13)  x  ©  x  © 

15 

HULL  RESISTANCE  »  (10)  x  ©  -  © 

i6 : 

SEA  STATE  RESISTANCE  »  R^  -  112)  -  (15)-@ 

17 

TOTAL  TOW  RESISTANCE  «  R,  -  ©  +  (12) 

UNITS 


LONG  TONS 


$Q.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


291 S 


J105-2S 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP  CLASS  (AE,  CVA,  ETC.) _ , _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _ 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|N£) 


WIND  VELOCITY  COMPONENT  V,.  «  ©  +  ©  x  COS  (? 


3  WIND  PRESSURE  P,  (SEE  GRAPH  l) 


9  WIND  RESISTANCE,  Ry  -  (3')  X  (.8.) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
1  n . 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  (2)  X  (1*0)  xl.1l) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


. . .  *  3.394  x  ;13)  x  ©  x  © 


15  HULL  RESISTANCE  -  (fo)  x  (z)  -  © 


16  SEA  STATE  RESISTANCE  =*  R  «  (.12)  -  (15)-© 


-  (9")  +  (12) 


LONG  TONS 


SQ.  FT. 


LBS/SQ.FT 


POUNDS 


\k  PROPELLER  RESISTANCE 


TOTAL  TOW  RESISTANCE  -  R. 


POUNDS 


ll 


Y 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  6 


6  TRUE  WIND  VELOCITY,  VUIMn 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  (3)  x  (.8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  »  (2)  x  (K»  xl.1l) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

1«* 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;13)x®x  @ 

15 

HULL  RESISTANCE  »  (!0>  x  (l)  -  © 

i6 ; 

SEA  STATE  RESISTANCE  »  R^  *  (.12)  -  (15)-© 

17 

TOTAL  TOW  RESISTANCE  »  R,  »  (3)  +  (12) 

UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


knots 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


[»i*j 


SHIP  CLASS  (A£,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Af 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  6 


6  TRUE  WIND  VELOCITY,  VulMn 


3  WIND  PRESSURE  P,  (SEE  GRAPH  l) 


9  WIND  RESISTANCE,  Ry  -  (j)  x  (.8) 


10  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

I  n . 


H  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (10)  x(.ll) 


13  TOTAL  PROJECTED  £REA  OF  PROPELLERS,  Ap 


-  3-394  x  ;13)  x©x  © 


15  HULL  RESISTANCE  -  <1 0>  x  ©  -  © 


16  SEA  STATE  RESISTANCE  »  Rg  »  (12)  -  (.15)-© _ 

TOTAL  TOW  RESISTANCE  -  RT  -  (9)  +  (12) 


1*1  PROPELLER  RESISTANCE  - 


SO.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


POUNDS 


POUNDS 


POUNDS 


17 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USEO  IN  U.S.  NAVY  TOWING  MANUAL 


ship* 

1  DAT 

Ll. 

BY:  j 

SHIP  CLASS  (AE,  CVA,  ETC.)  _ _ _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) _ _ 


3  FRONTAL  WINDAGE  AREA,  Aj _  _ 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WINO  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW)M0 


WIND  VELOCITY  COMPONENT  VT  -  ©  +  |(6J  x  COS  (5 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  (3j  X  (.8) 

- 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rR  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  QOJ  x  1 11) 

.3 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

1A 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x  {)}')  x  ©  x  © 

15 

HULL  RESISTANCE  -  (fol  x  (l)  -  © 

i6 : 

SEA  STATE  RESISTANCE  *  R?  »  (12)  -  (.151-© 

17 

TOTAL  TOW  RESISTANCE  -  Ry  *  ©  +  (12) 

POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  fldS- 

1 

b; 

DESCRIPTION 


SHIP  CLASS  (A£,  CVA,  ETC.) _ _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _ _ 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|N[) 


7  WIND  VELOCITY  COMPONENT  V?  -  ©  +  (6)  x  COS  (5 


8  WIND  PRESSURE  P,  (SEE  GRAPH  l) 


9  WINO  RESISTANCE,  Ry  »  (3)  X  (.8) 


10  I  HYDROOYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
_ I  n. 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  QO)  X  11  1) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


1*4  PROPELLER  RESISTANCE  -  Rp  =  3.394  x  ;13)  x  ©  x  © 


15  HULL  RESISTANCE  «  (I O'*  x  @  -  © 


16  :  SEA  STATE  RESISTANCE  «  R  -  (12)  -  (J5)-(U 


17  TOTAL  TOW  RESISTANCE  -  Ry  -  (9)  *  (12) 


POUNOS 


SQ.  FT 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


[I 


'111' 


111 


DESCRIPTION 


1  SHIP  CLASS  (AE,  CVA,  ETC.) _ _ _ 

2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) _ 

3  FRONTAL  WINUAGE  AREA,  Ay _ 

h  TOW  SPEED,  VTqu _ 

5  DIRECTION  OF  TRUE  WINO  FROM  BOW,  9 

6  TRUE  WIND  VELOCITY,  VW|NQ 

7  WIND  VELOCITY  COMPONENT  VT  -  @  +  (j&)  x  COS  ©_ 

3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9  WIND  RESISTANCE,  Ry  «  (3)  X  (.8) 

10  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

- 1.  —  .  ■  ....  . _ IL _ 

11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


UN  I TS 


_ 

LONG  TONS 

SQ.  FT.  f 75“ 

KNOTS  5* 

DEGREES  ,Almj 

KW0TS  zr. 

knots  -  a 

-  - 1 

LBS/SO- FT _ £)_ 

POUNDS  O 


12 

HYDRODYNAMIC  RESISTANCE  RH  »  (2)  X  (10)  xl.1l) 

POUNDS 

f>U08 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SQ.  FT. 

PROPELLER  RESISTANCE  -  Rp  -  3-394  x  ;J3)  x  ©  x  © 

POUNDS 

.5  s&  n 

15 

HULL  RESISTANCE  -  vio)  x  (l)  -  © 

POUNDS 

H/S3 

16 : 

SEA  STATE  RESISTANCE  =  R  »  (.12)  -  (15)-© 

POUNOS 

Z  SI 2.S 

17 


TOTAL  TOW  RESISTANCE 


Rt  -  Csft  +  (12) 


POUNDS 


S3  60 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Ay 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  S 


6  TRUE  WIND  VELOCITY,  VW)NQ 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  l) 

9 

WINO  RESISTANCE,  Ry  -  (3)  x  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  QOJ  x  1.1 1) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

1A 

PROPELLER  RESISTANCE  *  Rp  *  3-394  x;U)x©x  © 

15 

HULL  RESISTANCE  -  viol  x  (l)  -  © 

16 : 

SEA  STATE  RESISTANCE  »  R,.  *  (.12)  -  (J5J-© 

(sT)  +  o  2) 


POUNOS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


8 


17 


TOTAL  TOW  RESISTANCE  -  R 


POUNDS 


SHIP  CLASS  (AE,  CVA,  ETC.). 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


6  CURVE  HUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V- 


11  RELATIVE  WIND  DIRECTION,  o 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 


SELECT  A  TOW  SPEED,  VJ0W 


15  Rh/a.  (SEE  FIG.  17) 


POUNDS 


POUNDS 


16  HULL  RESISTANCE  -  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x@x@x©x©  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  «T  -  ©  +  ©  +  ©  +  © 


POUNDS 


I  MO Lu  « 


CALCULATION  OF  TOWING  RESISTANCE 


LONG. TONS 


SHIP  CLASS  (AE,  CVA,  ETC.).  _ 


TOW  DISPLACEMENT, A  (SEE  TABLE-7)  _ 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


3  BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WINO  DIRECTION,  o 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rg,  (SEE  FIG.  16) 


1 k  SELECT  A  TOW  SPEED,  VTQW 


15  rh/a  (SEE  fig.  17) 


16  HULL  RESISTANCE  *  RH  -  @  x  @  x  1 .25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  ©  x  @  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x@x0x@x(]§)x(lO)  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  R?  -  (y)  «■  (i$  +  (jj)  + 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SQ.  FEET 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT, A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  fig-  17) 


16  HULL  RESISTANCE  =  RH  -  @  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©  x©  x  @x  ©  x  ©  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  Ry  -©  +  ©  +  ©+ © 


POUNDS 


POUNDS 


1  SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  \JJQU 


15  RH/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  -  RH  *  @  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x©x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x  ©  x  ©  x  ©  x  ©  x  (l 


19  TOTAL  TOW  RESISTANCE  -  R?  =  ©+©  +  ©+© 


SQ.  FEET 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


3n 


)blboH 


CALCULATION  OF  TOWING  RESISTANCE 


1  SHIP  CLASS  (AE,  CVA,  ETC.)  • _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R$,  (SEE  FIG.  16) 


1**  SELECT  A  TOW  SPEED,  VTQW 


15  RH/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  -  RH  *  @  *  ©  x  1.25 


17  PROPELLER  RES  I STANCF  >  Rp  -  3.737  x©x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0,00506  x©x©x@x  (jg)"x  (j3 


19  TOTAL  TOW  RESISTANCE  -  RT  -  Qj)+(i6)  +  (iZ)+(!^ 


LONG. TONS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  jQtiP.I  DATE: — ^iZi/?^ - 

BY:  /?  CS 

ITEM 

NO. 

* 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA,  ETC.) 

*et-l 

2 

TOW  DISPLACEMENT, A  (SEE  TABLE-7) 

LONG  TONS 

53,  606 

3 

FRONTAL  WINOAGE  AREA,  AT  ,  (SEE  TABLE  7) 

SQ.  FEET 

k 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

0.7 S' 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

Vs'6  _ 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

22. 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE.  7) 

— 

) 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

6 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

L 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

13.  78 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

_ 10 _ 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

mm 

13 

SEA  STATE  RES  1  STANCE  Rg,  (SEE  FIG.  1 6) 

— 

mm 

11* 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

mm 

15 

RH/a  (SEE  FIG.  17) 

— 

mm 

16 

HULL  RESISTANCE  *  RH  =  @  x@x  1.25 

POUNDS 

IRH 

17 

PROPELLER  RESISTANCE  -  Rp  -  3.737  x©  x  @  x  @ 

POUNDS 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x©x@ 

POUNDS 

m 

19 

TOTAL  TOW  RESISTANCE  -  Ry  -  ©  +  ©  +  ©+1)8) 

POUNDS 

"v*  ’  ^  * 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|N0 


WIND  VELOCITY  COMPONENT  V 


WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  @  x  ® 


10  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R„  -  (?)  x  (fo>  x  111) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


14  PROPELLER  RESISTANCE  -  Rp  -  3.394  x(13)x©x  © 


15  HULL  RESISTANCE  -  (IQ)  x  (?)  -  © 


16  SEA  STATE  RESISTANCE  *  .  R  -  (l?)  -  (15) -(g) 


17  TOTAL  TOW  RESISTANCE  -  R,  -  ©  +  (12) 


■ 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 

0 

KNOTS 

0 

KNOTS 

'  10 

LBS/SQ. FT 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


/2  </7S 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


FRONTAL  WINDAGE  AREA,  AT 


TOW  SPEED,  VT0W 


DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|NQ 


WIND  VELOCITY  COMPONENT  -  @  +  [(6J  x  COS  (5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


3  WIND  RESISTANCE,  Ry  *  (3)  x  (8) 


HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


HYDRODYNAMIC  RESISTANCE  R^  *  (2)  x  (JO)  x  ( 1 1) 


3  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


PROPELLER  RESISTANCE  -  Rp  *  3-394  x  ;13)  x  ©  x  © 


15  HULL  RESISTANCE  °  (lb)  x  (V)  -  © 

16  SEA  STATE  RESISTANCE  *  R  *  \1 2)  -.(J5)-(U) 

17  TOTAL  TOW  RESISTANCE  =  Ry  »  ©  +  (12) 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


POUNDS 


/  7.  '■  7 


LBS/SQ.FT]  ^  - 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  8Y  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  AOk. 


DATE:  ZjZ±/2<_ 


BY:  FCS 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _ _ 


3  FRONTAL  WINDAGE  AREA,  Ay  , _ 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WINO  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW)fJ0 


7  WIND  VELOCITY  COMPONENT  V 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  *  (Y)  x  (.8.) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
t  n . 


11  SEA  STATE  CORRECTION  FACTOR  K  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  »  (2)  x  (JO)  xt.11) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


PROPELLER  RESISTANCE  -  R  -  3.394  x  ;13)' x  ©  x  © 


15  HULL  RESISTANCE  =  (10)  x  ©  -  © 


(12)  -  (.15) -(14 


16  SEA  STATE  RESISTANCE  * 


17  TOTAL  TOW  RESISTANCE  *  RT  =  ©  +  l12! 


■ 


LONG  TONS  *.#//>■'' 


S Q.  FT. 


LBS/SQ.FT,  A7 


POUNDS 


POUNDS 


SO-  FT. 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  8Y  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  V, 


WIND  VELOCITY  COMPONENT  V 


©  ♦!£ 


SQ.  FT. 


DEGREES  Q 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (3.)  X  (8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

t  n . 


11  SEA  STATE  CORRECTION  FACTOR  K  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  *  (2)  x  (10)  xl.11) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


1*»  PROPELLER  RESISTANCE  =>  Rp  «  3.394  x;i3)x@x  © 


15  HULL  RESISTANCE  =  (i’o)  x  (l)  -  © 


16  -M  SEA  STATE  RESISTANCE  *  R  *  (12)  -  (!5)-(U 


17  |  TOTAL  TOW  RESISTANCE  *  RT  a  ©  +  (12) 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


x  COS  5 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  At  _  _ 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  S' 


6  TRUE  WIND  VELOCITY,  VW,NQ 


WIND  VELOCITY  COMPONENT  V 


3  WIND  PRESSURE  P,  (SEE  GRAPH  l) 


9  WIND  RESISTANCE,  Ry  =  (3j  x  (d) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (10)  xl.11) 


13  TOTAL  PROJECTED  £REA  OF  PROPELLERS,  Ap 


1^  PROPELLER  RESISTANCE  =  R  =  3.394  x  ll})  x  @  x  © 


15  HULL  RESISTANCE  =  (lO)  x  @  ~  © 


16  SEA  STATE  RESISTANCE  «  R  =  (12)  -  ( 15)-© 


17  TOTAL  TOW  RESISTANCE  =  R?  =  ©  +  (12) 


LONG  TONS  2  8/ 00 


SQ.  FT.  79-^ 


KNOTS 


DEGREES  I  /qj  3 


LBS/SQ.FT  q 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


I  fi2  I 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


BY:  PC 


SHIP: 


x  COS  (5 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  I  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW|NQ 


'  7  |  WIND  VELOCITY  COMPONENT  V 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (3)  X  (.8) 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 
_ L _ _ _  n. 


11  SEA  STATE  CORRECTION  FACTOR  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (1*0)  x  111) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A 


1A  PROPELLER  RESISTANCE  -  Rp  =  3.394  x  ;13)  x  ©  x  © 


15  HULL  RESISTANCE  =  00>  x  (z)  -  © 


16  :  SEA  STATE  RESISTANCE  -  R  =  (1*2)  -  <^1 5) - U 4) 


17  TOTAL  TOW  RESISTANCE 


(9  •  +  (12! 


UNITS 


LONG  TONS 


SQ.  FT.  7<T?/? 


KNOTS 


DEGREES  /$;  .5 


KNOTS 


LBS/SQ.FT  0 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


?  <  Z.V 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rs  ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V_ 

R 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


1*4  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/&  <see  fig-  17) 


16  HULL  RESISTANCE  =  RH  =  (jj)  x  @  x  1 . 25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  ©  x  @  x  © 


18  WIND  RESISTANCE  *  R^  ■  0.00506  x@x©x@x  (10)  x  © 


19  TOTAL  TOW  RESISTANCE  =  R  *  (l_3)  +  (l6)  +  ©  +  Q_8) 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


r 


ITEM 

NO. 

DESCRIPTION 

UNITS 

B 

SHIP  CLASS  (AE,  CVA,  ETC.) 

1 

2 

TOW  DISPLACEMENT, A  (SEE  TABLE-7) 

LONG  TONS 

mm 

3 

FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE' 7) 

SQ.  FEET 

mm 

B 

WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

mm 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

mm 

B 

CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 

— 

z 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

C 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

10 

RELATIVE  WIND  SPEED,  VD 

K 

KNOTS 

r.  /.  -r 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

o 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

1.0 

13 

SEA  STATE  RESISTANCE  Rg ,  (SEE  FIG.  16) 

— 

mm i 

1<* 

SELECT  A  TOW  SPEED,  VJ0W 

KNOTS 

mm 

15 

rh/a  (SEE  FIG.  17) 

— 

mm 

16 

HULL  RESISTANCE  =  RH  =  @  x@x  1.2S 

POUNDS 

mm 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-  737  x©  x  ©  x  © 

POUNDS 

RSI 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x@x@x@x  (10)  x  Qfl) 

POUNDS 

)7?^l 

19 

TOTAL  TOW  RESISTANCE  =*  =  (l_3)  +  (16)  +  (i_7)  +  (18) 

POUNDS 

-j  < ;  r 

CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R%  ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V. 

R 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJ0W 


15  RH/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  =  RH  -  ©  x©x  1.25 


17  PROPELLER  RESISTANCE  =  Rp  =  3-  737  x  (?)  x  @  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x(J)x@x©x© 


19  TOTAL  TOW  RESISTANCE  -  R  -  Qj)  +  (1_6)  +  ©  +  © 


firP- i 


LONG  TONS 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  i  DATE:  ZlZllUL - 

BY:  f'C\ 

ITEM 

NO. 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA,  ETC.) 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

YtirO 

3 

FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 

SQ.  FEET 

THO 

k 

WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 

W 

LOO 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

7 '! 

0 

CURVE  NUMBER  FOR  HULL.  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 

— 

L- 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

<r 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

£ 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

77,  7 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

0 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  1 3" 1 5) 

— 

/  ■> 

/  » 

13 

SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 

— 

y  ) 

1** 

SELECT  A  TOW  SPEED,  VTQ 

KNOTS 

y 

15 

Rh/a  (SEE  FIG.  17) 

— 

7-//; 

1 6 

HULL  RESISTANCE  =  RH  =  @  x  @  x  1 .25 

POUNDS 

mm 

17 

PROPELLER  RESISTANCE  =  Rp  =  3-737  *  ©  *  ©  *  @ 

POUNDS 

mm 

18 

WIND  RESISTANCE  =  Rw  -  0.00506  *  ©  x  (J)  x  ( @  *  ©  xQ®) 

POUNDS 

19 

TOTAL  TOW  RESISTANCE  =  R?  =  Qj)  +  (l_6)  +  (l_7)  +  Q8) 

POUNDS 

AD-A150  941  DEVELOPMENT  OF  A  CALCULATION  PROCEDURE  FOR  THE  6/£ 

DETERMINATION  OF  TOM  RESISTANCE  (UNABRIDGED  REPORT) (U> 
ROSENBLATT  (M)  AND  SON  INC  NEH  VORK  APR  76 
UNCLASSIFIED  N00024-74-C-5508  F/G  12/10  NL 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CUSS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  Ay  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


7  CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUM8ER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13*15) 


13  SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  16) 


1*i  SELECT  A  TOW  SPEED,  VTQW 


15  RH/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  »  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-  737  x©  x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x  ©  x© 


19  TOTAL  TOW  RESISTANCE  -  R?  -  ©+©  +  ©+(18) 


LONG  TONS 


SQ.  FEET  7Z10 


POUNDS 


POUNDS 


POUNDS 


l  ■:  ■’/: 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  S-lv  -  [ 


DATE: 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  Z) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V. 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  rHm  (see  FIG.  17) 


16  HULL  RESISTANCE  =  RH  "  @  '-25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  ©  x  @  x  @ 


18  WIND  RESISTANCE  ■  Rw  ■  0.00506  x  ©  x©  x  ©  x  ©  x  ©  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  R  -  ©+©+©+ Q8) 


POUNDS 


/.w.v.v.v.v^ 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  -  I 


OATE: 


t/za/t? 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT, A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


T3  SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  f,g-  *7) 


16  HULL  RESISTANCE  -  RH  -  ©  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (?)  x  ©  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00'C6  x©x©x@x©x© 


19  TOTAL  TOW  RESISTANCE  «  rt  -  ©+(16)  +  ©+©) 


UNITS 


LONG  TONS 


SQ.  FEET  Tr 


SQ.  FEET 


KNOTS 


DEGREES 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


/.  *0 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP: 


'tiir 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)' 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


5  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VTOw 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  S 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  VT  -  (£)  + |(V) 


COS  (5 


DATE  1/2*/ /?r 

BY:  l<C  5 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


Zl.  5* 


WIND  PRESSURE  P,  (SEE  GRAPH  l) 

WIND  RESISTANCE,  Ry  -  (^3)  x  (%) 

\  HYDROOYNAM 1 C  UNIT  RESISTANCE 

rH  (SEE  GRAPH  2) 

SEA  STATE  CORRECTION  FACTOR  K, 

(SEE  TABLE  8) 

HYDROOYNAM 1C  RESISTANCE 

rh  - 

(  2 )  x  (10)  x-.1i; 

TOTAL  PROJECTED  AREA  OF 

PROPELLERS,  Ap 

PROPELLER  RESISTANCE  « 

*P  - 

3.394  x  :1 3.)  x(^)x  (£) 

HULL  RESISTANCE  -  .101 

x  (V) 

-  ()}) 

SEA  STATE  RESISTANCE  - 

R  - 

s 

•12)  -  05)- @ 

TOTAL  TOW  RESISTANCE  - 

Rt  ■ 

•9^  +  (12; 

LBS/SQ.FT  /<■ 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


1 7  fir' 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOO  USEO  IN  U.S.  NAVY  TOWING  MANUAL 


f  /0YA  t''~s*tZT 


DATE 


SHIP  CLASS  (AE,  CVA,  ETC.)  _ 


2  TOW  DISPLACEMENT.  A  (SEE  TABLE  7)  _ 


3  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WINO  FROM  BOW,  8 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  V,  ■  ®  +^6j  x  COS  (5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  {})  X  (8> 


10  I  HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

n  • 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R, 


(2)  x  (10)  x  '.11) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


1*  PROPELLER  RESISTANCE  -  Rp  -  3.394  x  .1 3)  x (J)  x  @ 


15  HULL  RESISTANCE  -  .10'  x  (V)  -  (jl*) 


12)  -  (15)- U4 


16  SEA  STATE  RESISTANCE 


17  TOTAL  TOW  RESISTANCE 


[S'.  +  (12) 


LONG  TONSl  Z¥60 


SQ.  FT 


KNOTS 


LBS/SQ.FT  /.<- 


POUNDS 


POUNDS  e<jrpLi 


SQ.  FT 


.v.uumxuk  ur  i  uw  r\csiairtNCt  ttV  nt  I  HOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


BY:  ICCS 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  _  _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _ 


FRONTAL  WINDAGE  AREA,  AT 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW|ND 


7  WIND  VELOCITY  COMPONENT  V-  -  (k)  +  U&)  x  COS  (5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (3)  x  (8) 


tO  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (101  x'.ll) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


PROPELLER  RESISTANCE  -  Rp  -  3-394  x.13')x0x  0 


15  HULL  RESISTANCE  *  ,10>  x  (2)  -  (\k) 


16  SEA  STATE  RESISTANCE  -  R  -  i]2)  -  (15) 


17  TOTAL  TOW  RESISTANCE  -  RT  *  0  +  (12' 


LONG  TONS 


SQ.  FT. 

17/5 

KNOTS 

$ 

DEGREES 

)?t.  y( 

KNOTS 

mm 

KNOTS 

0 

L3S/SQ. FT 

0 

POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


\r 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USEO  IN  U.S.  NAVY  TOWING  MANUAL 


UNITS 


1  I  SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


LONG  TONS 


3  I  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VTOw 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VWfN0 


WIND  VELOCITY  COMPONENT  VT  -  U)  +16)  x  COS  (5 


3  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (J)  X  (*8> 


10  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  R„  -  ^2)  x  (101  x'.ll) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


■  3.394  x  .13.)  x (4)  x  (£) 


15  HULL  RESISTANCE  -  JO)  x  (V)  -  (\k) 


16  SEA  STATE  RESISTANCE  -  R  -  (12)  -  (IS1-® 


1A  PROPELLER  RESISTANCE  ■ 


sd.  ft.  |  nr 


DEGREES  V( 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


f~  J  :•  •“ 


17  TOTAL  TOW  RESISTANCE 


Rt  •  \3'  *  (12- 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  b 


DESCRIPTION 


SHIP  CLASS  {AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VWJND 


WINO  VELOCITY  COMPONENT  VT  -  0)  +[&  x  COS  (5 


UNITS 


f  /WQ 


WIND  PRESSURE  P,  (SEE  GRAPH  1) 

WIND  RESISTANCE,  Ry  »  (j)  x  (*8) 

HYDRODYNAMIC  UNIT  RESISTANCE  r 

H  (SEE  GRAPH  2) 

SEA  STATE  CORRECTION  FACTOR  K, 

(SEE  TABLE  8) 

HYDRODYNAMiC  RESISTANCE  R^  - 

i'2)  x  not  x  •  1 1) 

N..  •  '  ‘ 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

PROPELLER  RESISTANCE  *  Rp  - 

3 . 394  x  :  1 3} '  x  0)  x  0) 

HULL  RESISTANCE  -  .10*  x  (Y)  - 

(1*0 

SEA  STATE  RESISTANCE  -  R  - 

- 5-- 

*12/  -  U  5)  -  <Q) 

LONG  TONS 


SQ.  FT.  /  7 /  C 


KNOTS 


DEGREES  C’T.iK 


KNOTS 


™OTS  H.36 


LBS/SQ.FT 


POUNDS 


.  8 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


TOTAL  TOW  RESISTANCE  -  R 


,9>  +  '12,' 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  8Y  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


SHIP:  _  DATE 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  W I  NOAGE  AREA,  Ay 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|N0 


WIND  VELOCITY  COMPONENT  VT  -  (k)  +[(6;  x  COS  (j> 


WIND  PRESSURE  P,  (SEE  GRAPH  J) 


9 

WIND  RESISTANCE,  Ry  -  (J3 )  x  (8> 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  ' (SEE  GRAPH  2) 

n. 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  Ru  -  il\  x  UOJ  x  111 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x  :13'  x ®  x  @ 

15 

HULL  RESISTANCE  -  .10)  x  (V)  -  (|4) 

16 

SEA  STATE  RESISTANCE  ■  R^  *  *12>  -  (15)-© 

17 

TOTAL  TOW  RESISTANCE  «  R,  -  \  +  (12.' 

LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


mots  n.Bt 


LBS/SQ. FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


?<.  It  L 


Hi 


[#' 


SHIP  CUSS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


.  FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS',  A  ,  (SEE  TABLE  7) 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


II  RELATIVE  WIND  DIRECTION,  o 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VTQW 


15  Rh/a  (SEE  fig-  *7) 


16  HULL  RESISTANCE  *  RH  *  ©  x  ©  x  1 .25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (J)  *  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x@x©x@x  ©  x  (©  POUNDS 


TOTAL  TOW  RESISTANCE  -  Ry  -  ©+©+©+© 


LONG  TONS  ^ 


SQ.  FEET  /7/<T 


19 


POUNDS 


IHQU:  ”  » 


CALCULATION  OF  TOWING  RESISTANCE 


1  SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  VR 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13'15) 


13  SEA  STATE  RES  I  STANCE  Rg,  (SEE  FIG.  l6) 


1A  SELECT  A  TOW  SPEED,  \IJQ 


15  RH/a  (SEE  FIG.  17) 


16  HULL  RESISTANCE  -  RH  -  @  x  ©  x  1 .25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x©x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x  0x(lj)  POUNDS 


1 9  TOTAL  TOW  RES  I  STANCE  -  Ry  -  Qj)  +  ([?)  ♦  (W)  +  (jj) 


POUNDS 


LONG  TONS 


SQ.  FEET 


POUNDS 


i  nu  uw 


SJ 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  (O £  //) fc'.v-r  nATF-  7 1?'( I JZA - 

BY:  £CS 

ITEM 

NO. 

DESCRIPTION 

UNITS 

B 

SHIP  CUSS  (AE,  CVA,  ETC.) 

ff  /-'VO 

2 

TOW  DISPLACEMENT, A  (SEE  TABLE-7) 

LONG  TONS 

mm 

3 

FRONTAL  WINDAGE  AREA,  Ay,  (SEE  TABLE  7) 

SQ.  FEET 

mm 

B 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

)  3 1 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

7 

B 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

•y 

j 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

H 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

'/ 

10 

RELATIVE  WIND  SPEED,  V. 

K 

KNOTS 

'f.SL 

11 

REUTIVE  WIND  DIRECTION,  a 

DEGREES 

30 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  1 3-15) 

— 

/.  20 

13 

SEA  STATE  RESISTANCE  Rs ,  (SEE  FIG.  16) 

— 

(,00 

14 

SELECT  A  TOW  SPEED,  VJ0W 

KNOTS 

3 

15 

RH/A  (SEE  FIG.  17) 

— 

7-  ,1 

16 

HULL  RESISTANCE  =  RH  =  @  x@x  1.25 

POUNDS 

/7f-  i 

17 

PROPELLER  RESISTANCE  =  Rp  =  3-737  x  (?)  x  @  x  © 

POUNDS 

3"'}l 

is 

WIND  RESISTANCE  =  Rw  =  0.00506  x@x(j)x@x  (W>)  x  Qf) 

POUNDS 

*  <  * 

19 

TOTAL  TOW  RESISTANCE  ■  R.j.  *  Qj)  +  (l_6)  +  (]j)  +  q8) 

POUNDS 

"2  <'/7 

CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TA8LE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  \IJQ^ 


15.  Rh/a  (see  fig-  17) 


16  HULL  RESISTANCE  *  RH  -  ©  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x©x  ©  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x©x©x© 


19  TOTAL  TOW  RESISTANCE  -  rt  =  ©  +  Q_6)  +  ©  +  (18) 


KNOTS 


DEGREES 


POUNDS 


POUNDS 


POUNDS 


/f. 


ITEM 

NO. 


DESCRIPTION 


UNITS 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

3 

FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 

SQ.  FEET 

ms 

D 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

Bl 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

Z 

n 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

— 

? 

w 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

V 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

C, 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

5 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

0 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

LO _ 

13 

SEA  STATE  RESISTANCE  Rs>  (SEE  FIG.  16) 

— 

1i* 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

- 7 - 

15 

Rh/a  (SEE  FIG.  17) 

— 

\.1(- 

16 

HULL  RESISTANCE  -  RH  »  ©  x  ©  x  1 .25 

POUNDS 

msm 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  ©  x  © 

POUNDS 

i 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x©x©x@x  ©  x  (iji) 

POUNDS 

^  5  •; 

19 

TOTAL  TOW  RESISTANCE  -  Rj  «  ©  +  (1 6)  +  (i_7)  +  (18) 

POUNDS 

ITEM 

NO. 

DESCRIPTION 

UNITS 

n 

SHIP  CUSS  (AE,  CVA,  ETC.) 

/V 

2 

TOW  DISPUCEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

Ippil 

3 

FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 

SQ.  FEET 

mm 

D 

WIND  DRAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 

SO-  FEET 

Bh 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

cL 

D 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

— 

5 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

V 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

C, 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

mm 

11 

REUTIVE  WIND  DIRECTION,  a 

DEGREES 

0 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

hO _ 

13 

SEA  STATE  RESISTANCE  Rg ,  (SEE  FIG.  16) 

— 

PP3I 

1*t 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

mm 

15 

RH/A  (SEE  fig.  17) 

— 

mm 

16 

HULL  RESISTANCE  =»  RH  -  @  x  ©  x  1 . 25 

POUNDS 

mm 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-  737  x©x  ©  x  @ 

POUNDS 

m 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x@x©x@x  @  x  © 

POUNDS 

RH 

19 

TOTAL  TOW  RESISTANCE  -  R  -  ©  +  (1 6)  +  ©  +  ^8) 

POUNDS 

isissi 

ITEM 

NO. 

DESCRIPTION 

< 

UNITS 

n 

SHIP  CLASS  (AE,  CVA,  ETC.) 

- 

f"C  '  *'■*) 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

mm 

3 

FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 

SQ.  FEET 

i7/ < 

D 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

mm 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap  ,  (SEE  TABLE  7) 

SQ.  FEET 

/?/ 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  rH/a  ,  (SEE  TABLE  7) 

— 

D 

CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 

— 

/ 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 

— 

'/ 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

4 

10 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

iBSM 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

90 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

a.  ?3 

13 

SEA  STATE  RES  1  STANCE  Rg,  (SEE  FIG.  16) 

— 

ZA^C 

1A 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

<r 

15 

Rh/a  (SEE  FIG.  17) 

— 

!<<r 

16 

HULL  RESISTANCE  *  RH  -  @  x  @  x  1 .25 

POUNDS 

mm 

17 

PROPELLER  RESISTANCE  «  Rp  -  3-737  x©x  ©  x  © 

POUNDS 

mm 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x@x©x©x©x© 

POUNDS 

U77 

19 

TOTAL  TOW  RESISTANCE  -  Rj  =  ©+©  +  ©+(18) 

POUNDS 

HOW 

1/iUki.  ”  « 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  ^Tf.  ? h  '•  h* 

BY:  ZCSi 

ITEM 

NO. 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (AE,  CVA,  ETC.) 

rr  >  1 

2 

TOW  DISPLACEMENT, A  (SEE  TABLE-7). 

LONG  TONS 

7^00 

3 

FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 

SQ.  FEET 

1 7/  *> 

4 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

0.  ~0 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 

SQ.  FEET 

i3L  _ 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

— 

8 

CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R%  ,  (SEE  TABLE  7) 

— 

' i 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

4  _ 

to 

RELATIVE  WIND  SPEED,  VR 

KNOTS 

11 

RELATIVE  WIND  DIRECTION,  a 

DEGREES 

70 

12 

HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

C.  73 

13 

SEA  STATE  RES  1  STANCE  Rg,  (SEE  FIG.  16) 

— 

70.  I,;"' 

14 

SELECT  A  TOW  SPEED,  VJ0W 

KNOTS 

<r 

15 

RH/a  (SEE  FIG.  17) 

— 

/. 

16 

HULL  RESISTANCE  -  RH  -  ©  x  ©  x  1 . 25 

POUNDS 

U30 

17 

PROPELLER  RESISTANCE  -  Rp  -.3-737  x©x  @  x  @ 

POUNDS 

-  .. 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x@x(5)x©x©)x© 

POUNDS 

U  77 

19 

TOTAL  TOW  RESISTANCE  -  R?  -  ©  +  (l6)  +  (l_7) (18) 

POUNDS 

iaw 

CALCULATION  OF  TOW  RESISTANCE  8Y  METHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Ay 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  VT  -  ©  + [(js 


WIND  PRESSURE  P,  (SEE  GRAPH  l) 

WIND  RESISTANCE,  Rw  -  (3)  x  (8) 

HYDRODYNAMIC  UNIT  RESISTANCE 

rH  (SEE  GRAPH  2) 

SEA  STATE  CORRECTION  FACTOR  K} 

(SEE  TABLE  8) 

HYDRODYNAMIC  RESISTANCE 

rh  - 

(2  )  x  0  0)  x  (11) 

TOTAL  PROJECTED  AREA  OF 

PROPELLERS,  Ap 

PROPELLER  RESISTANCE  » 

Rp  - 

3.394  X  ;13)  X©  X  (4) 

HULL  RESISTANCE  -  \)Q\ 

x  (2) 

-  © 

'  SEA  STATE  RESISTANCE  - 

R 

s 

(12)  -  05)-© 

LONG  TONS 


SO.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ. FT 


POUNDS 


17  TOTAL  TOW  RESISTANCE  -  R,  =  [$)  +  (12) 


POUNDS 


SO-  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


/.  7 


if?/* 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


1  SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  AT 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW)N[) 


WIND  VELOCITY  COMPONENT  VT  -  ©  +  ©  x  COS  (*5 


LONG  TONS 


3 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Rw  -  (j)  X  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYORODYNAMIC  RESISTANCE  RH  -  (2)  x  (JOJ  x  (11) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;13)x®x  © 

15 

HULL  RESISTANCE  -  (10)  x  ©  -  © 

16  ‘ 

SEA  STATE  RESISTANCE  *  R^  -  (12)  -  (15)-® 

17 

TOTAL  TOW  RESISTANCE  -  R,  »  ©  +  (12) 

SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT  A1 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


s 


0 


)Z.<r 


rvi'o 


tCC 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


Sli  SSJ. 

ITEM 

NO. 

DESCRIPTION 

UNITS 

1 

SHIP  CLASS  (A£,  CVA,  ETC.) 

A? 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 

LONG  TONS 

/C  *60 

3 

FRONTAL  WINDAGE  AREA,  Aj 

SQ.  FT. 

k 

TOW  SPEED,  VT0W 

WOTS 

8 

5 

DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 

DEGREES 

)lg> .  a 

6 

TRUE  WIND  VELOCITY,  VW)ND 

KNOTS 

7 

WIND  VELOCITY  COMPONENT  VT  -  ©  +  [©  x  COS  (?)] 

knots 

0 

a 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

LBS/SQ.FT 

0 

9 

WIND  RESISTANCE,  Ry  -  (j)  x  (jB) 

POUNDS 

0 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

— 

2 1.3 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

— 

Li 

12 

HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (10J  xl.1l) 

POUNDS 

mo 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

SO.  FT. 

)0L 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x;lj)x©x  © 

POUNDS 

alS 

15 

HULL  RESISTANCE  -  (10)  x  (2)  -  © 

POUNDS 

U£Zf 

16  - 

SEA  STATE  RESISTANCE  -  Re  -  (.12)  -  (.15)-© 

POUNDS 

into 

17 

TOTAL  TOW  RESISTANCE  -  Ry  »  ©  +  (12) 

POUNDS 

‘i^/o 

CALCULATION  OF  TOW  RESISTANCE  BY  METHOD  USED  IN  U.S.  NAVY  TOWING  MANUAL 


t  SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


01 RECTI  OH  OF  TRUE  WIND  FROM  BOW,  8 


TRUE  WIND  VELOCITY,  Vy,ND 


WIND  VELOCITY  COMPONENT  VT  -  ©  +  [S)  x  COS  (5 


WIND  PRESSURE  P,  (SEE  GRAPH  l) 


9  WIND  RESISTANCE,  Ry  -  Q)  x  (8) 


10  I  HYDRODYHAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


II  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDRODYNAMIC  RESISTANCE  RH  -  (z)  x  (lO)  X 1 1 1> 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


14  PROPELLER  RESISTANCE  -  Rp  -  3-394  x;13)x@x  © 


15  HULL  RESISTANCE  -  (fo)  x  (Y)  -  © 


16  *|SEA  STATE  RESISTANCE  -  R  -  (.12)  -  (15)-@ 


17  TOTAL  TOW  RESISTANCE  -  R,  -  ©  +  (12) 


UNITS 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.)  '  _ 


TOW  DISPLACEMENT,  A  (SEE  TABLE  7)  _ 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  VT  -  ©  +  fo)  x  COS  (f 


8  WIND  PRESSURE  P,  (SEE  GRAPH  1) 


9  WIND  RESISTANCE,  Ry  -  (j)  x  (V) 


10  HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 


11  SEA  STATE  CORRECTION  FACTOR  K.  (SEE  TABLE  8) 


12  HYDROOYNAM  1C  RESISTANCE  R..  -  (2)  x  (lOI  X (.11) 


13  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 


1A  PROPELLER  RESISTANCE  -  Rp  -  3-394  x  (13)  x  ©  x  © 


15  HULL  RESISTANCE  -  (fo>  x  (l)  -  © 


16  *  SEA  STATE  RESISTANCE  »  R^  ■  (12)  -  (15)-© 


17  TOTAL  TOW  RESISTANCE  -  R,  -  ©  +  (12) 


LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 

1 

KNOTS 

2 

LBS/SQ. FT 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOO  USEO  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  At 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  0 


6  TRUE  WIND  VELOCITY,  VW|ND 


WIND  VELOCITY  COMPONENT  V?  -  ©  + fuj )  x  COS  (5 


8 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  Q)  x  (&) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  rH  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

HYDRODYNAMIC  RESISTANCE  RH  -  (2)  x  (1*01  x  111) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

14 

PROPELLER  RESISTANCE  -  Rp  -  3.394  x  ;1 3)  x  ©  x  © 

15 

HULL  RESISTANCE  -  (1*0)  x  @  -  ©  1 

16  * 

SEA  STATE  RESISTANCE  -  R^  -  (12)  -  (IS)-© 

LONG  TONS 


SQ.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ.FT 


POUNDS 


-  (9)  +  (12) 


17 


TOTAL  TOW  RESISTANCE 


POUNDS 


CALCULATION  OF  TOW  RESISTANCE  BY  METHOO  USED  IN  U.S.  NAVY  TOWING  MANUAL 


DESCRIPTION 


SHIP  CLASS  (AE,  CVA.  ETC.) _ 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE  7) 


3  FRONTAL  WINDAGE  AREA,  Aj 


TOW  SPEED,  VT0W 


5  DIRECTION  OF  TRUE  WIND  FROM  BOW,  9 


6  TRUE  WIND  VELOCITY,  VW)ND 


WIND  VELOCITY  COMPONENT  V,  -  ©  + f(6 )  x  COS  (5 


8 

WIND  PRESSURE  P,  (SEE  GRAPH  1) 

9 

WIND  RESISTANCE,  Ry  -  Q)  x  (8) 

10 

HYDRODYNAMIC  UNIT  RESISTANCE  ru  (SEE  GRAPH  2) 

11 

SEA  STATE  CORRECTION  FACTOR  K,  (SEE  TABLE  8) 

12 

,  HYDRODYNAMIC  RESISTANCE  R^  -  (2)  x  (1*0)  xt.1l) 

13 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  Ap 

lA 

PROPELLER  RESISTANCE  -  Rp  -  3-394  x  ;13)x©x  © 

15 

HULL  RESISTANCE  -  vl*0>  x  ©  "  © 

16  ' 

SEA  STATE  RESISTANCE  -  R^.  -  (1*2)  -  (15)-© 

17 

TOTAL  TOW  RESISTANCE  -  R,  -  ©  +  (12) 

UNITS 


LONG  TONS 


$Q.  FT. 


KNOTS 


DEGREES 


KNOTS 


KNOTS 


LBS/SQ. FT 


POUNDS 


POUNDS 


SQ.  FT. 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT, A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg  ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


RELATIVE  WIND  SPEED,  V 


RELATIVE  WIND  DIRECTION,  a 


HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  |6) 


SELECT  A  TOW  SPEED,  VTQW 


RH/a  (SEE  FIG.  17) 


HULL  RESISTANCE  -  RH  •  ©  x®  x  1.25 


PROPELLER  RESISTANCE  -  Rp  -  3-  737  x®  x  @  x  © 


WIND  RESISTANCE  -  Rw  -  0.00506  x®x@x@x®x@ 


TOTAL  TOW  RESISTANCE  -  -  ©+©  +  ©+© 


LONG  TONS 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


nn 


/0ll\5 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP:  /}£  CM/*  DATE: - 2/Zf/76. - 

BY:  ZCS 

ITEM 

NO. 

• 

DESCRIPTION 

UNITS 

1 

SHIP  CUSS  (AE,  CVA,  ETC.) 

Af  5~8 

2 

TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 

LONG  TONS 

/*rr>oo 

3 

FRONTAL  WINDAGE  AREA,  AT ,  (SEE  TABLE  7) 

SQ.  FEET 

WOS 

4 

WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 

— 

0.7? 

5 

TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 

P 

SQ.  FEET 

(06 

6 

CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 

— 

IZ 

7 

CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 

— 

1 

8 

CURVE  NUM8ER  FOR  SEA  STATE  RESISTANCE,  R?  ,  (SEE  TABLE  7) 

— 

S 

9 

BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 

— 

H 

10 

REUTIVE  WIND  SPEED,  VR 

KNOTS 

Zl.S 

11 

REUTIVE  WIND  DIRECTION,  a 

DEGREES 

0 

12 

HEADING -COEFFICIENT  K,  (SEE  FIG.  13-15) 

— 

13 

SEA  STATE  RESISTANCE  Rs,  (SEE  FIG.  J6) 

— 

14 

SELECT  A  TOW  SPEED,  VTQW 

KNOTS 

km 

15 

RH/a  (see  FIG.  17) 

— 

mm 

16  . 

HULL  RESISTANCE  -  RH  -  @  x@x  1.25 

POUNDS 

17 

PROPELLER  RESISTANCE  -  Rp  -  3-737  x  (?)  x  ©  x  @ 

POUNDS 

25-jy  2. 

18 

WIND  RESISTANCE  -  Rw  -  0.00506  x©  x@  x  @x  ©  x  @ 

POUNDS 

m 

19 

TOTAL  TOW  RESISTANCE  -  RT  -  Q?)  +  (j_6)  +  (ij)  +  Q8) 

POUNDS 

lllllll 

l\  ■ '  r*.. 

\s  •;:-5 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT, A  (SEE  TABLE-7) 


FRONTAL  WINOAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIHO)  -  (SEE  TABLE-8) 


RELATIVE  WIND  SPEED,  V 


RELATIVE  WIND  DIRECTION,  a 


HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


SELECT  A  TOW  SPEED,  VTQW 


RH/a  (see  fig.  17) 


HULL  RESISTANCE  -  RH  “  ©  x©x  1.25 


PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  @  x  @ 


WINO  RESISTANCE  -  Rw  -  0.00506  x©x@x@x©x@ 


TOTAL  TOW  RESISTANCE  -  Rj  «  Qj)  +  (i_6)  +  (ij)  +  Q8) 


LONG  TONS 


KNOTS 


DEGREES 


POUNDS 


POUNDS 


POUNDS 


POUNOS 


rz 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CUSS  (AE,  CVA,  ETC.) 


TOW  DISPUCEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINDAGE  AREA,  Aj  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


.TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VJ0W 


15  Rh/a  (SEE  FIG.  17) 


16.  HULL  RESISTANCE  -  RH  -  ©  x®  x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x®  x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x®x®x@x@x©  POUNDS 


19  TOTAL  TOW  RESISTANCE  -  Rj  -  ©  +  (j_6)  +  (jj)  +  Q8) 


POUNDS 


POUNDS 


/$8o 


CALCULATION  OF  TOWING  RESISTANCE 


SHIP  CUSS  (AE,  CVA,  ETC.) 


2  TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


3  FRONTAL  WINDAGE  AREA,  Ay  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (.SEE  TABLE  7) 


5  TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


6  CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  Rg ,  (SEE  TABLE  7) 


9  BEAUFORT  NUMBER  (WINO)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V_ 


11  REUTIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13*15) 


13  SEA  STATE  RESISTANCE  R  (SEE  FIG.  16) 


14  SELECT  A  TOW  SPEED,  VyQW 


15  Rh/a  <SEE  F,g-  ’7) 


16.  HULL  RESISTANCE  -  RH  -  ©  x©x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3.737  x©  x  @  x  © 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x@x(fz)x®x(lj 


19  TOTAL  TOW  RESISTANCE  -  Ry  •  ©  +  ©  +  ©  ♦  Q8) 


SQ.  FEET 


KNOTS 


DEGREES 


71.  f 


POUNDS 


POUNDS 


POUNDS 


B/S3L 


.1 


I 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  L  (SEE  TABLE-7) 


PRONTAL  WINDAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  DRAG  COEFFICIENT,  Cw  ,  (SEE  TABLE  7) 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


RELATIVE  WIND  SPEED,  V- 


RELATIVE  WIND  DIRECTION,  a 


HEAOING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


SEA  STATE  RESISTANCE  R  ,  (SEE  FIG.  16) 


SELECT  A  TOW  SPEED,  VTQW 


RH/a  (SEE  FIG.  17) 


HULL  RESISTANCE  -  RH  -  @  x@x  1.25 


PROPELLER  RESISTANCE  -  Rp  -  3-737  x©  x  ©  x  © 


WIND  RESISTANCE  -  Rw  -  0.00506'  x©x©x@x©x@ 


TOTAL  TOW  RESISTANCE  -  rt  -  ©+©  +  ©+© 


SQ.  FEET 


POUNDS 


POUNDS 


POUNDS 


POUNDS 


/ttO 


n-sn:v> 


I 


SHIP  CLASS  (AE,  CVA,  ETC.) 


TOW  DISPLACEMENT,  A  (SEE  TABLE-7) 


FRONTAL  WINOAGE  AREA,  AT  ,  (SEE  TABLE  7) 


WIND  ORAG  COEFFICIENT,  C  ,  (SEE  TABLE  7) 

w 


TOTAL  PROJECTED  AREA  OF  PROPELLERS,  A  ,  (SEE  TABLE  7) 


CURVE  HUMBER  FOR  HULL  RESISTANCE,  RH/A  ,  (SEE  TABLE  7) 


CURVE  NUMBER  FOR  WIND  FACTOR,  K  ,  (SEE  TABLE  7) 


8  CURVE  NUMBER  FOR  SEA  STATE  RESISTANCE,  R$ ,  (SEE  TABLE  7) 


BEAUFORT  NUMBER  (WIND)  -  (SEE  TABLE-8) 


10  RELATIVE  WIND  SPEED,  V 


11  RELATIVE  WIND  DIRECTION,  a 


12  HEADING  COEFFICIENT  K,  (SEE  FIG.  13-15) 


13  SEA  STATE  RES  I  STANCE  R  ,  (SEE  FIG.  J6) 


SELECT  A  TOW  SPEED,  VT(JW 


15  Rh/a  (SEE  FIG.  17) 


16  •  HULL  RESISTANCE  ■  RH  -  @  x@x  1.25 


17  PROPELLER  RESISTANCE  -  Rp  -  3-737  x®x  @  x  @ 


18  WIND  RESISTANCE  -  Rw  -  0.00506  x©x(|)x@x(3)x@ 


19  TOTAL  TOW  RESISTANCE  -  Ry  -  QjD+  (i_6)  +  (ij)+  (18) 


LONG. TONS 


POUNDS 


POUNDS 


